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ABSTRACT

The role of phenolic compounds in prevention ofdlipxidation and
fishy odour development in different systems wascielated. Different phenolic
compounds (catechin, caffeic acid, ferulic acid tamhic acid) at a level of 100 mg/kg
had antioxidative activity differently. Among alhé phenolic compounds tested,
tannic acid exhibited the highest 2,2-diphenyl-drgi hydrazyl (DPPH) and 2,2-
azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)ABIS) radical scavenging
activities and ferric reducing antioxidant powerR@&P). Nevertheless, catechin
showed the highest metal chelating activity (P<p).®hereas caffeic acid had the
highest lipoxygenase (LOX) inhibitory activity (P€8). Impact of different phenolic
compounds at a level of 100 mg/l on lipid oxidatioh menhaden oil-in-water
emulsion and mackerel mince was investigated. i€aanid showed the highest
efficacy in retardation of lipid oxidation for bothodel systems as evidenced by the
lower peroxide value (PV), conjugated diene (CDJ{ @niobarbituric acid reactive
substances (TBARS) values. Tannic acid also lowtredelease of non-haem iron in

the mince.

When tannic acid at a level of 200 mg/kg was adutethe striped
catfish slices, which were further stored under MBB%N, / 35%CQ / 5%Q) (M>),
the lowest PV and TBARS values with the coincidelmtaest non- haem iron content
were obtained. Myosin heavy chain of the controhgle kept in air without tannic
acid treatment was degraded by 17.85% after 15 ofagtorage as compared to fresh
sample, whereas no change was noticeable in tresegbles stored under MAP.

Based on microbiological acceptability limit (1€fu/g) and sensory test, the shelf-life



of control and treated samples stored under MAP egtisnated to be 9 and 15 days,
respectively. Therefore, tannic acid exhibited aesygistic effect with MAP on
retarding lipid oxidation and microbial growth, thby increasing the shelf-life of
striped catfish slices during refrigerated storage.

Blood or haemoglobin retained in the fish musaleiry post-mortem
storage played an important role in acceleratiodippfl oxidation as well as fishy
odour development. Pro-oxidative activity of haefobms from different tropical fish
(Asian seabass, tilapia and grouper) was influermegH (6, 6.5 and 7). Relative
oxygenation of all haemoglobins decreased in thdi@aconditions. Haemoglobin
from seabass was more oxygenated and stable agatogidation at both pH 6 and 7,
compared to those from tilapia and grouper. Haeologlfrom tilapia and grouper
was fully oxidised at pH 6 after 120 h. Haemoglasbatcelerated lipid oxidation of
washed Asian seabass mince more effectively at,ptdr@pared with pH 6.5 and 7 as
indicated by the higher PV and TBARS values. Atshee pH values, haemoglobins
from tilapia and grouper were more pro-oxidativartithat from Asian seabass as
evidenced by the higher PV and TBARS (P<0.05). Weldpid oxidation compounds
were also formed at higher rate in the washed madmked with haemoglobin from
tilapia or grouper with coincidental stronger fistgour development, compared to the
control and those added with haemoglobin from Asieaibass.

Tannic acid (200 and 400 mg/kg) was used todedta lipid oxidation
mediated by haemoglobin from tilapia in washed Asiaabass mince during 10 days
of iced storage. Control samples (without tannicllabad the highest PV within the
first 2 days and possessed the greater amount ARBBthroughout the storage of 10
days (P < 0.05). With addition of tannic acid, tipéd oxidation of washed mince was
retarded, especially when the higher level (400kigigivas used, as indicated by
lowered PV and TBARS values. The retarded formatbmwolatile lipid oxidation
products and fishy odour intensity was also foundhe samples added with 400

mg/kg tannic.

When ethanolic kiam wood extract (EKWE) (0.05 afdl%),

containing tannic acid at a level of 545.57 mg/gwdded to washed Asian seabass



mince containing haemoglobin and 5% menhadenta@ldecrease in PV and TBARS
values were observed. Incorporation of 5% menhaddn the washed mince had no
impact on the formation of PV and TBARS, comparathwil-free samples during
the storage (P>0.05). Formation of volatile lipiddation compounds and fishy odour
intensity was retarded in the sample containing hmaden oil and haemoglobin and
treated with 0.1% EKWE, compared with those withthg addition of EKWE after
10 day of storage in ice (P<0.05).

With the addition of tannic acid (0.02 and 0.04&0) EKWE (0.08%),
formation of PV, TBARS and fishy odour in the fismulsion sausages prepared from
striped catfish was retarded effectively, compawethe control (P<0.05), especially
when the tannic acid and EKWE was used at highal.lét the same level, EKWE
showed the lower ability in retarding the lipid dation, in comparison with tannic
acid. Both tannic acid and EKWE had no detrimegettdct on the sensory attributes
of sausages. However, EKWE added sample had laweand highera* and AE*
values, compared to the control samples (P<0.0figr 20 days of storage, sample
added with 0.04% tannic acid had higher hardnessingness and chewiness with
more compact structure and no visible voids. Funttoee, the oil droplets with
smaller size were dispersed more uniformly, congpavéh others (P<0.05). Thus,
tannic acid or EKWE could serve as potential natardgioxidants in prevention of
lipid oxidation and retardation of fishy odour demment, which was mediated by

haemoglobin in different fish and fish products.
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CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE

1.1 Introduction

Fish are considered to be of great nutritional irtgoece. This is mainly due
to their naturally high content of essential om&gaolyunsaturated fatty acids
(PUFA) such as eicosapentaenoic acid (EPA, C2@% and docosahexaenoic acid
(DHA, C22:6 n-3). Consumption of these fatty acisidelieved to be beneficial to
human health (Lee and Lip, 2003). Neverthelesdy, fisspecially fatty fish is
susceptible to oxidation, which is associated wité rancidity and loss in nutritive
value (Hsieh and Kinsella, 1989; Frankel, 1998apar from high amounts of
PUFAs, the presence of haem pigments and tracer@motimetallic ions makes the
fish, especially dark flesh fatty fish, prone tpidi oxidation (Hsieh and Kinsella,
1989). Haemoglobin is also known as an importanttlgst of lipid oxidation.
Haemoglobin can be a source of activated oxygentaueemoglobin autoxidation,
and haem or iron can be released from the prodgimamote lipid oxidation (Richards
and Hultin, 2002). Lipid oxidation can be acceledaby reduction in pH and could be
due to enhanced autoxidation of haemoglobin ataedlypH (Tsurugat al., 1998).
Oxidation can also cause other detrimental effesthsas discoloration, vitamin
destruction and decomposition of essential fatigsadeading to organoleptic failure
and a decrease in nutritive value (Sherwin, 197®).retard such a quality loss,
synthetic antioxidants have been used to decrgadeokidation during the processing
and storage of fish and fish products (Beydl, 1993). However, the use of synthetic
antioxidants has raised questions regarding fodetysand toxicity (Changet al.,
1977). The use of natural antioxidants is emergiagan effective methodology for
controlling rancidity and limiting its deleteriousonsequences. Owing to the
increasing demand for food devoid of synthetic tidels, much effort has been paid to
the discovery of new natural antioxidants such lasnplic compounds. In general,
phenolic compounds play a role as antioxidantsuinodifferent mechanisms of

action, such as scavenging of free radicals (Anioloet al., 2002), quenching of



reactive oxygen species, inhibition of oxidativeynes (Edenharder and Grunhage,
2003), chelating of transition metals or througteraction with bio-membranes (Liao
and Yin, 2000). Therefore, these compounds hava beasidered as the promising
candidates as potential protectors against foodlatxin and biological aging of

tissues.

Apart from using the antioxidants, appropraite kaging technology
can be applied to retard lipid oxidation in fishodified atmosphere packaging (MAP)
has been used to prolong the shelf-life of fish &isd products (Masniyonet al.,
2002). The removal and/or replacement of the atimargpsurrounding the product is
required before sealing in vapor-barrier materi@Millin et al., 1999), thereby
maintaining the quality of those products (Skibsetdal., 1994). The modification
process is achieved by lowering the amount of omy@®), moving it from 20% to
0%, in order to slow down the growth of aerobic m@rganisms and retard the
oxidation reactions. The removed oxygen can beaogpl with nitrogen (Y,
commonly acknowledged as an inert gas, or carboxiak (CQ), which can lower
the pH or inhibit the growth of bacteria. MAP isdely used as supplement to ice or
refrigeration storage to delay spoilage and extiedshelf-life of fresh fish and fish
products (Reddet al., 1995; Pedrosa-Menabrito and Regenstein, 1998)eldre,
the use of selected phenolic compounds as natynia@ce in combination with MAP
under the appropriate condition could be a prorgisireans to extend the shelf-life of
fish by lowering the rate of lipid oxidation, espédly mediated by haem protein

released in fish, as well as the growth of spoilaggoorganisms.

Additionally, phenolic compounds can be used as parential
antioxidants in high fat foods particularly thoswiehed with n-3 fatty acids, such as
fish emulsion sausage, etc. Fish oil is actualby riiin dietary source of n-3 PUFA.
An increase in consumption of n-3 PUFA has beemrted to reduce the risk of
coronary heart disease, decrease mild hypertenamah prevent certain cardiac
arrhythmias (Garget al., 2006). Therefore, phenolic compounds especialynfr
natural sources like wood or bark of several ttemdd act as the antioxidant, which



could lower lipid oxidation. As a consequence, desired quality with the nutritive

value can be maintained during processing, handinthstorage.

1.2. Review of Literature
1.2.1 Lipid oxidation

Lipid oxidation produces rancid odors and off-flas; decreases shelf
life and can alter texture and appearance of foBdsthermore, it can decrease the
nutritional quality and safety of foods. Lipid oxitibn is one of the main factors
limiting the quality and acceptability of muscleofts (Morrisseyet al, 1998).
Oxidation of lipids is accentuated in the immedigiest-slaughter period, during
handling, processing, storage and cooking. Thige® leads to discoloration, drip
losses, off-odor and off-flavor development, tegtutefects and the production of

potentially toxic compounds (Morrissey al, 1998; Richardet al, 2002).

1.2.2 Autoxidation

The oxidation of lipids occurs by a free radica&im reaction involving
three processes: (1) initiation — the formationfrek radicals; (2) propagation — the
free radical chain reactions; and (3) terminatiorthe formation of non-radical
products (Frankel, 2005; Nawar, 1996) (Fig. 1).the initiation step, a lipid free
radical known as the alkyl radical (Le) is forméhstraction of a hydrogen atom from
the central carbon of theentadiene structures found in most fatty acid acyl chains

containing more than one double bond:
-CH=CH-CH-CH=CH- ——» -CH=CH-CH-CH=CH- + H

The alkyl radical contains an unpaired electron thacts rapidly with
the oxygen biradical to form peroxyl radicals (LQ@®] in the propagation step. The
following hydrogen transfer reaction that occurshwinsaturated lipids to convert the
peroxyl radical to a hydroperoxide (LOOH) happeiosver than the previous step [3].

Termination is the last step of autoxidation. Ie tiermination stage [4-6], peroxyl



radicals accumulate and react with each other fogmion-radical products (Frankel,
2005; Erickson, 2002; Nawar, 1996; Ingold, 1962).

Initiation: IN+LH— InH + L [1]
Propagation: L+ 02— LOO [2]
LOO + LH — LOOH + L [3]
Termination: LOO+ LOO — LOOL + 02 [4]
L'+ LOO — LOOL [5]
L'+ L — LL [6]

In general, high peroxide is not stable and cadds®mposed to many
products including acids, alcohols, aldehydes, ietpetc. Those oxidation products
could undergo polymerisation, and might induce girotlenaturation, leading to the

changes in functional properties (Shahidi and Na2@k4) (Fig. 1).

FtH
N H abstraction
INVsEon Initiators [uv light, 'Os, motal calalysts, heal, ote.)
R+ (Fpid feow radicals) Tarminalicn
\ Creidation of plgments,
Propagation RO ¢ Peroxyl radical flawors and vitamins
AH
™
R oy
ROOH (Hydroperoxides)

Braakdown products Polymarization products insciubfization of protains
[dark color, W'.’-E?UHHM'-GJ {changos of fwenclionality

such as ketones, aldehydes, and textura)

alcahols, hydrecamons, acids,

ppoxidos

{including rancid cfl-flanvar

Comounds)

Figure 1. General scheme for autoxidation of lipids contagrpolyunsaturated fatty
acids (RH) and their consequences.
Source: Shahidi and Naczk (2004).



1.2.3 Lipid oxidation induced by lipoxygenase (LOX)

LOXs (EC 1.13.11.12) are non-haem iron-containifxyhenases that
are ubiquitous in plants and animals (Gardner, 18@Hn and Thiele, 1999; Shibata
and Axelrod, 1995). The expression levels of défgrLOXs in tissues vary widely
and can differ among the same organism with agsué¢i and environmental factors.
The oxidation processes initiated by these enzymeesme deleterious under certain
conditions. LOX are initiators of uncontrolled oatthn processes that are one of the
main causes of food quality decay. LOXs catalyze tbgio- and antio-selective
dioxygenation of polyunsaturated fatty acids (PUFA®ntaining a 1f), 4(2)-
pentadiene system to form hydroperoxide producsn@® and Yadav, 2003). The
most widely accepted reaction mechanism for the ldadlyzed peroxidation is
radical-based, where the fatty acid is oxidizedhsy ferric iron within the active site
of the enzyme to form a fatty acid radical andraoies iron. This radical intermediate
is then attacked by dioxygen to form the fatty abigdroperoxide. LOXs are
responsible for the development of rancidity in-dahtaining foods (Baysal and
Demirdoven, 2007). Generation of off flavors, lagfsnutritional value and loss of
economical value of food products are the result@Ks activity (Grechkin, 1998).
Due to these adverse effects associated with thieitacof these enzymes, a
considerable research effort has therefore beertel@vto the identification of
appropriate inhibitors for these enzymes (Kim anghtda, 2005; Rescignet al.,
2002; Schneider and Bucar, 2005 a, b). Most commioibitors currently known for
LOX are polyphenolic compounds (Banerjee, 2006)yfptenols in general are very
powerful chain-breaking antioxidants and able tdanke the adverse oxidation
reactions initiated by LOX, but they usually exéxir function by radical scavenging
or reduction of the oxidation products rather thamibiting the enzyme (Banerjee,
2006).



1.2.4 Lipid oxidation mediated by haemoglobin
1.2.4.1 Structure and function of haemoglobin

Haemoglobin is the major haem protein of red blamils and is
responsible for the transportation of oxygen to thesues (Perutz, 1990).
Haemoglobin consists of four polypeptide chaing ofa-chains and two df chains.
The four chains are held together by covalent @ttmas. Eachu chain is in contact
with B chain (Fig. 2). The conformation afandp subunits differs only by addition of
one helix in thel subunit. The haemoglobin from different fish spscvaries with
respect to the difference in the amino acid seqgeerifferences in the numbers and
identity of amino acids have been reported in hagaton from different sources
(Perutz, 1990; Jenseth al.,1998).

iron

helical shape of the
polypeptide molecule

Figure 2. Haemoglobin structure displaying haem group witim iattached.

Source:Mader (1997).



Capacity of haemoglobin to bind with oxygen demead the presence
of non-polypeptide units namely a haem group. Taenh buried in the hydrophobic
pocket of the haemoglobin consists of an organitgal an iron atom (Dickerson and
Geis, 1986). The organic part, protoporphyrin, sden up of four pyrrole rings. The
four pyrroles are linked by methene bridge to faetnapyrrole ring. Four methyl, two
vinyl and two propionate side chains are attacbdétrapyrrole ring. The iron atom in
the haem binds to the four nitrogen in the centehe protoporphyrin ring. The iron
can form two additional bonds, one on either siiéhe haem plane. These binding
sites are termed the fifth and sixth coordinati@sipons. At the fifth coordination
position, the iron is directly bonded to histidio€ globin called proximal histidine
while the sixth coordination position is the oxydanding site. The iron atom can be
in the ferrous (2+) or the ferric (3+) oxidatioratet and the corresponding forms of
haemoglobin are called ferrohaemoglobin and feentaglobin, respectively.
Ferrihaemoglobin is also called as methaemoglobhere water molecule occupies
the sixth coordination site. Only ferrohaemoglolime 2+ oxidation state, can bind
oxygen. Therefore, most haemoglobin molecules aund either with no oxygen
(deoxyhaemoglobin, unliganded Hb) or with four osyg (oxyhaemoglobin, liganded
Hb) (Fermiet al.,1984).

Binding of oxygen in haemoglobin is cooperativénisT means that
binding at one haem facilitates bindings of oxygenother haems on the same
molecules (Jenseat al., 1998). Oxygen binding property of haemoglobin isoal
affected by pH. In the physiological range, a lawgrof pH decreases the oxygen
affinity of haemoglobin. Increasing the concentmatof CQ also lowers the oxygen
affinity. These linkages between the binding ofa@d concentration of Hand CQ
are known as Bohr effect (Riggs, 1988). Haemoglabisome fish expressed a large
decrease in both oxygen affinity and cooperativéoat pH. This characteristic of
haemoglobin is known as the Roots effect (Britteif87). Typically, Bohr effect
expresses its role when blood pH drops from aboditt@ 6.5 (Stryer, 1988a). A
further decrease in blood pH is considered the Rtiett (Manninget al., 1998).

Many fish species have multiple haemoglobin conepts, which are

characterized by significant differences in the ramacid sequences and in functional



properties (Brunori, 1975; Brunost al., 1975). This multiplicity is in contrast to
human haemoglobin which has a single main haemoygl&ased on the multiplicity,
teleost fish fall into three major classes: clas8 &and 11l (Weberet al., 1976). The
class | haemoglobin as in carp is an electrophzakyi anodal haemoglobin that has
Bohr, Root, phosphate and temperature effects €deetsal., 1998). The class Il
haemoglobin as in trout and eel consist of bothdah@omponent and cathodal
haemoglobin that exhibits high oxygen affinity aschall Bohr effect and low
temperature sensitivities (Zolestal., 1999). The class Il haemoglobin as in tuna is
haemoglobin that is sensitive to pH but insensitivetemperature (Rossi-Fanelli,
1960).

1.2.4.2 Lipid oxidation mediated by haemoglobin

When tested in a washed cod muscle model systentrude
haemoglobin preparation was highly effective inabating lipid oxidation (Richards
and Hultin, 2002; Richards and Hultin, 2000). khfi haemoglobin has been identified
as one of the most potent pro-oxidants and cam exégation according to several
mechanisms (Richards and Hultin, 2002; Kristinsaod Hultin, 2004). In seafood
processing, blood may not be removed prior togl@mple, filleting and mincing. So,
in postmortem fish, haemoglobin can react withrthescle lipids and accelerate lipid
oxidation (Richardet al.,1998), therefore, its rapid removal or inhibitisnmportant

to prevent the onset of lipid oxidation.

Haemoglobin can be a source of activated oxygentailnaemoglobin
autoxidation, and haem or iron can be released fitmenprotein to promote lipid
oxidation. Plasma is recognized for its many congod® that inhibit lipid oxidation
(Wayneret al., 1987), but fish plasma is 1.2-3% lipid, much ofintthe form of
lipoproteins (McDonald and Milligan, 1992), whiclowdd be a source of oxidizable
lipid. Haemoglobin can be present in many diffefentns (Everse and Hsia, 1997). In
its reduced state, the iron can be bound tp Which is stabilized via hydrogen
bonding by the nearby distal histidine, or it canviathout the oxygen, such as at low
pH (Hargroveet al., 1997) or at low oxygen tension (Stryer, 1988b). Tio@ can

oxidize to form the brown methaemoglobin underrigat solution conditions. Both



the oxidized and the reduced forms can be pro-tivela Several different
mechanisms of the pro-oxidative power of haemogldtave been proposed (Everse
and Hsia, 1997). Oxyhaemoglobin {F6,) can autoxidize to methaemoglobin {He
releasing its oxygen as a superoxide anion radi©al). This radical can further
dismutate to hydrogen peroxide, which can activiaie methaemoglobin to form
hypervalent ferryl haemoglobin (Fe=0). Although this species is only transient in
nature and has a short half-life, it is capableearbxidizing lipids and is thought to be
the main species responsible for haemoglobin-indiugeid oxidation in muscle
products (Alayash, 1999). This ferryl species hasatein radical form and exerts its
action by abstracting an electron from the lipidoduate leaving a free radical
substrate species, which can cause further oxmafitie superoxide released on
autoxidation can also lead to the formation of sgme¢(HOO and HO) that are pro-
oxidative, HO more than HOO In a second mechanism, which is poorly understood

the protein may act as a pseudo-lipoxygenase (Eerd Hsia, 1997).

The autoxidation reaction is enhanced by a low\pHile it is reduced
at an alkaline pH as interactions with distal kiiste become stronger (Hargroseal.,
1997; Shikamal998). Part of this enhancement of autoxidatioa &w pH comes
from the increased dissociation of the tetramer dimners for mammalian
haemoglobins (Tsurugat al.,1998) and possibly full dissociation of fish haejudin
to monomers (Manningt al.,1998). This high sensitivity of some fish haemogiob
components for protons is believed to be due tgtheence of positive charges at the
subunit interfaces in which protonation cause amdte&c shift in the spatial
arrangement of the subunits (Mylvaganaeh al., 1996). Dissociation is also
accomplished as the protein is diluted, e.g., orthescyte lysis (Hargroveet al.,
1997). The dissociated form is also more pro-oxeaand has an increased tendency
to lose its haem (Benesch and Kwong, 1995). Thaemee of preformed lipid
hydroperoxides and other oxidation products may alause an increase in the
autoxidation of haemoglobin (Lynch and FaustmarQO2(Everse and Hsia, 1997).
Deoxygenation is furthermore favored at low pH, éimd phenomenon may play an
important role in oxidation as the pH is loweredicffards and Hultin, 2000).
Formation of the reactive HO@nd very reactive HOrom superoxide is favored as
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the pH is lowered. The former can easily penetnatie and through lipid bilayers,
while HO cannot due to its high reactivity. Both HO@&nd HO can participate in

lipid oxidation (Hultin and Kelleher, 2000). Theabtlity of the haem in the protein is
also compromised as the pH is lowered likely duepening of the haem crevice
(Falcioniet al.,1978), which may lead to increased exposure of#&n to fatty acids

or its partition into membrane bilayers (Rab al., 1994; Atamna and Ginsburg,
1995).

Lipid peroxidation catalyzed by trout haemoglobirasvfound to
increase when the pH was lowered from neutrality @®, and levels of
deoxyhaemoglobin and methaemoglobin were higheptat6.0 than at pH >7
(Richards and Hultin, 2000). The affinities for gen of haemoglobins from different
species of fish, poultry, and beef at pH valueswebr at neutrality may be different
(Richardset al., 2002). Factors affecting oxy/deoxygenation of hgwoteins during
post-mortem periods may be crucial to understanljing) oxidation and fish rancidity
development. The large pH shifts that occur duaegl or alkali solubilization can
have an impact on both the pro-oxidative properidshaemoglobin and the
susceptibility of the muscle to lipid oxidation.wlas shown that after treatment at pH
3, washed cod muscle became slightly more susdeptiblipid oxidation, while
alkaline treatment slightly protected the musclenfrtrout haemoglobin-mediated
lipid oxidation (Kristinsson and Hultin, 2004). Tsame authors demonstrated that
exposure of trout haemoglobin to low pH increased pro-oxidative properties.
Richards and Hultin (2000) showed that there wpglrBpid oxidation of washed cod
muscle at pH 3.5 catalyzed by trout haemoglobinjesthere was a considerable lag
phase and a slower rate of oxidation at pH 7.8ofatzal. (2005a) reported that in
washed cod muscle a decrease in pH from 7.6-6.deas®ad the lag phase and
increased the rate of lipid oxidation. A furthecEase in pH to 3.5 decreased the lag
phase and increased the rate further.
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1.2.4.3 Retardation of haemoglobin mediated lipigbxidation by

natural phenolic extracts

There has been a growing interest in the use ofiralapphenolic
antioxidants to enhance the oxidative stability,intean or improve the intrinsic
quality and nutritional value of seafood produ&azoset al.,2005b). The antioxidant
effects of various plant extracts as well as irdinal phenolic compounds have been
evaluated and tested in different fish model syste@reen tea and tea catechins were
reported as excellent antioxidants toward lipiddaion in a cooked ground mackerel
model system (He and Shahidi, 1997). The antioxiddfects of tea catechins were
comparable to or even better than those of symthatitioxidants, butylated
hydroxyanisole  (BHA), butylated hydroxytoluene  (BHT and tert-
butylhydroxyquinone (TBHQ) and the natural anti@itia-tocopherol. A flavonol-
enriched fraction produced from cranberry juice gewand white grape dietary fiber
concentrate were also found to provide excellemtgation against haemoglobin
induced lipid oxidation in washed cod muscle md&snchez-Alonset al.,2007). A
well-designed model system comprising washed fisisale and added haemoglobin
as oxidation catalyst has been widely employedofddation study of fish muscle
(Deckeret al.,2005; Richards and Hultin, 2000). It has intacoffityrillar proteins and
membranes which closely resembles the physicattsirl of fish muscle. Compared
with other model systems such as bulk oil, emuksi@nmicrosomes, the performance
of candidate antioxidant in washed fish model cesvide more accurate predictions
of its antioxidant effectiveness in real fish masdystem. A number of potent
antioxidant compounds have been isolated and ftEshtfrom different types of
seaweeds, including phlorotannins, sulphated potysmides, carotenoid pigments
such as fucoxanthin and astaxanthin, sterols, lsg@®@nd mycosporine-like amino
acids (MAAs) (Miyashita and Hosokawa, 2008). Algablyphenols, especially
phlorotannins (polyphloroglucinol phenolics) dedvieom brown algae have recently
become a focus of intensive research due to thpersor antioxidant properties. The
brown algae (Phaeophyt&ucus vesiculosuélinnaeus) extract was tested towards
haemoglobin-mediated lipid oxidation in washed owmgiscle and cod protein isolate
(Wanget al., 2010). In both washed cod muscle and protein tss)ghlorotannin-
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enriched ethyl acetate (EtOAc) fraction frémveisculosushowed higher inhibitory
effect than crude 80% ethanol (EtOH) extract (Wabh@l., 2010). The addition of
oligomeric phlorotannin-rich subfraction (LH-2) froF. veisculosusseparated by
Sephadex LH-20 chromatography completely inhibitdee initiation of lipid
peroxidation in both systems throughout the enstady period (8 days). Its
effectiveness at 300 mg/kg level was comparabliabd of 100 mg/kg propyl gallate
(PG), a highly effective synthetic antioxidant imiscle foods (Wangt al.,2010).

Natural phenolic extract prepared from cranbeyehbeen shown to
retard the lipid oxidation mediated by haemogloftiee et al., 2006). Fractions from
cranberry enriched in phenolic acids (Fractionahthocyanins (Fraction 2), flavonols
(Fractions 3 and 4) and proanthocyanidins (Frastibrand 6) were prepared from
cranberry powder using Sephadex LH-20 chromatograpid tested to inhibited the
haemoglobin mediated lipid oxidation in washed omakscle. Addition of cranberry
fractions at a level of 74 mol quercetin equivadeper kg of washed cod muscle
extended the induction time of thiobarbituric acighctive substances (TBARS)
formation (Leeet al., 2006). The ability of the different cranberry fiiaos to
scavenge DPPH radicals did not reflect their regatibility to inhibit lipid oxidation
in the washed cod muscle system. Quercetin waatieelly identified as a component
in cranberry that was especially effective in intiily haemoglobin mediated lipid
oxidation (Leeet al., 2006). The ability of flavonol and proanthocyani@inriched
fractions to inhibit haemoglobin-mediated lipid dation in spite of efforts to wash
away the added polyphenolics prior to haemoglolditeon indicated that these
classes of polyphenolics had binding affinities fimsoluble components of washed
cod muscle. Isolated fractions from a crude cramybextract were more effective at
inhibiting haemoglobin-mediated lipid oxidation th#he crude extract (Leet al.,
2006). This demonstrates the potential utility cfolating certain classes of
polyphenolics from a crude plant extract to inceceficacy (Leeet al.,2006).

White grape dietary fiber concentrate (WGDF) wasinfb to be
effective against haemoglobin-mediated oxidationwafshed cod mince, with and
without 10% added herring oil during iced stora§ar(chez-Alonset al.,2007). The
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addition of WGDF to the model system completely aighificantly inhibited the

haemoglobin-mediated development of rancid odomduthe entire ice storage (10
days) (Sanchez-Alonset al., 2007). Controls fortified with 10% herring oil veer

oxidized at the same rate as oil-free controls\aack also significantly stabilized by
2% WGDF. Adding 2-4% whole WGDF, or an ethanol agtrto a lean or fatty
minced fish product appeared to be a promising efgreventing rancidity during ice
storage (Sanchez-Alongt al.,2007).

1.2.5 Factors affecting lipid oxidation

The extent of oxidation can be influenced by botitrimsic and
extrinsic factors such as the concentration of yidants, endogenous ferrous iron,
myoglobin, enzymes, pH, temperature, oxygen consiompeaction and the fatty acid
composition of the meat (Castelt al., 1965; Nawar, 1996; Slabyj and Hultin, 1984;
Undelandet al, 2003). Fish, in particular, contain higher levefsunsaturated lipids
than those of mammals and birds. Thus, fish lipiddergo more rapid oxidation after
capture, even at low temperature storage (Foegextia, 1996; Pacheco-Aguilaat
al., 2000). Pacheco-Aguilaat al. (2000) reported that the shelf-life of oily Morggr
sardine was limited by lipid oxidation, as shown thg increase of peroxide value
(PV) during storage at 0°C up to 15 days. Sehial. (2005) reported that the total
lipid hydroperoxide content of Pacific saufololabis sairg, Japanese Spanish
mackerel §comberomorus niphonijuandchub mackerel§comber japonicygended

to increase in both dark and ordinary muscle thinoug 4 days of iced storage.

The concentration of ferrous iron and its ability dctivate the lipid
oxidation reaction will be a key factor causingfeiénces in lipid oxidation among
species. In general, dark meats tend to have neamive iron. Chaijamt al. (2004)
reported that lipid and myoglobin contents werenkign dark muscle than in ordinary
muscle of both sardine and mackerel. Other comstituof meat including enzymatic
and non-enzymatic reducing systems can accelexadatmn by converting iron from
the inactive ferric form to the active ferrous stétoegedinget al.,1996). Changes of
PV, conjugated diene and TBARS in sardine musaticated that lipid oxidation
occurred throughout 15 days of iced storage. Ajpanh a plenty of unsaturated fatty
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acids, haem protein as well as reactive iron in thescle contributed to the
accelerated oxidation (Chaija al.,2006).

Like most chemical reactions, lipid oxidation ratesrease with
increasing temperature and time. Saeed and Ho2@02) reported that the rate of
lipid oxidation in frozen Atlantic mackerel incresswith increasing storage time and
storage temperature. NaCl is also able to catdiyu@ oxidation in muscle tissue
(Nambudiry, 1980). Alternatively, the Nanay replace iron from a cellular complex
via an ion exchange reaction (Kanner and Kinsdl@83). The displaced iron may
then participate in the initiation of lipid oxidafi. It is most likely that meat or meat
products containing salt such as surimi and curezhtnare susceptible to lipid
oxidation (Chaijan, 2008).

The living cells possess several protection meamasidirected against
lipid oxidation products. Glutathione peroxidaseduees hydroperoxides in the
cellular membranes to the corresponding hydroxygammds. This reaction demands
supply of reduced glutathione and will thereforasee post mortem changes when the
cell is depleted of that substance. The membrasesantain the phenolic compound,
a-tocopherol (Vitamin E), which is considered as thst important natural
antioxidant. Tocopherol can donate a hydrogen atonthe radicals L or LOC
functioning as an antioxidant. It is generally ased that the resulting tocopheryl
radical reacts with ascorbic acid (Vitamin C) at tipid/water interface, regenerating

the tocopherol molecule.
1.2.6 Impact of lipid oxidation on rancidity

Fatty acid hydroperoxides produced during propagatio not have a
direct adverse effect on the flavor and aroma otifo However, lipid hydroperoxide
decomposition produces alkoxyl radicals (L,Owhich in turn can cause the
decomposition of the fatty acidi-scission reactions occur after hydroperoxides
decompose into alkoxyl radicals. These highly eegcgalkoxyl radicals have the
ability to abstract an electron from the carborboar bond on either side of the

oxygen radical in order to cleave the fatty acidioh
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Hydroperoxide is a primary oxidation product durifigh storage
which is readily decomposed to a variety of voéattbmpounds including aldehydes,
ketones and alcohols (Franket al., 1994). Thep-scission reaction is important
because it causes fatty acids to decompose into naecular weight, volatile
compounds (Decker, 2005; Chaiyasit al., 2007). The aldehydes and ketones
produced from th@-scission reaction are the source of the charatiterancid flavors
and aromas in foods (Coleman and Williams, 2007mEn olfactory receptors
usually have remarkably low organoleptic threshotds most of these volatile
compounds (Ket al.,1975; McGillet al.,1977).

Rancid or fishy odor has been identified as a comm-flavor
associated with fish flesh and directly relatechviite formation of the secondary lipid
oxidation products (Keet al, 1975; Sohret al.,2005). Varletet al. (2006) reported
that carbonyl compounds, such as heptanal QE){2,6-nonadienal, show a high
odorant intensity in salmorS&lmo sala), giving the flesh its typical fishy odor. The
fishy volatiles identified in the boiled sardine medimethyl sulfide, acetaldehyde,
propionaldehyde, butyraldehyde, 2-ethylfuran, \alt&ghyde, 2,3-pentanedione,
hexanal and 1-penten-3-ol (Kasahara and Osawa,).1B88cid odor is often related
to a significant number of volatile compounds tban be produced from oxidation of
polyunsaturated fatty acids (PUFA). Aldehydes dme tnain volatile secondary
oxidation products responsible for off-flavors asatbrs during storage and treatments
of foods. Several volatiles have been associatdl thie characteristic odors and
flavors of oxidized fish, described as rancid, pgifishy and cod-liver like (Pearson
et al., 1977). Oxidation of unsaturated fatty acids in fighs related to the formation
of E-2-pentenalE-2-hexenalZ-4-heptenal, K,E)-2,4-heptadienal and 2,4,7-
decatrienal (Frankel, 1998a). Other volatiles fatrdaring oxidation of fish lipids are
1-penten-3-ol, 1-octen-3-ol, 1, 5-octadien-3-on@ &6-nonadienal, some of them

having high odor impact (Milo and Grosch, 1993).

Fish volatiles have been conventionally analyzey Ilgas
chromatographic (GC) techniques. Simultaneous stelistillation with solvent
extraction has been employed for determining velsin fish muscle, but is time- and

solvent-consuming, which may result in the losdegradation of some of the volatile
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compounds (Prostt al., 1998). Analysis of volatiles in fish and seafooaks Hheen
widely performed by several headspace techniquear(fzand Nakai, 1994; Medina
et al.,1999; Frankekt al.,1989; Alasalvaet al.,2005). Both, dynamic headspace and
purge-and-trap (DHS techniques) coupled with gasoroatography have been
extensively used for the analysis of aroma compsundfish muscle and provided

better sensitivity and efficacy than static heaalcep(lglesias and Medina, 2008).

Solid-phase microextraction (SPME) is an altekmatiextraction
technique developed by Pawliszyn (1997) in the $te that combines sampling and
sample preparation in one step (Arthur and PawilisA@90). It is an economical
method for sample preparation before gas chromapbyr and provides several
advantages over other well established technigomearfalyzing volatiles in foods in
terms of sensitivity, selectivity and suitabilitgrfroutine analysis (Wardenckt al.,
2004). This technique, used in the headspace mbi&SPME), is particularly
suitable for the analysis of volatiles and has bessd for the analysis of flavor and
freshness in several foodstuffs including seafobte method has been applied to
determine the concentration of aliphatic amineseflal.,2004), volatiles of yellowfin
tuna (Edirisingheet al., 2007), smoked fish (Guillen and Errecalde, 2062 stored
under controlled atmospheres and microencapsufetiedils (Wierdaet al., 2006) .
SPME-based techniques require careful optimizataond selection of several
parameters having significant influence in the wsed. Variables such as the type of
fiber which determines the specificity of the egtran, the sample amount, the time
and temperature of extraction, the salting-outcfe the desorption time of the fiber
in the injector affect the pre-concentration effrety. From the determination of
volatiles in fish muscle by SPME-GCMS, 79 compaumeere identified and 16 of
them were selected (Table 1 and Fig. 3) as rept@sers of lipid oxidation in fish
muscle (Iglesias and Medina, 2008). Volatiles ishfioil emulsion and products
fortified with fish oil were detected by HS-SPME tined showing a high sensitivity
for detecting lipid oxidation (Iglesiast al., 2007). Hexanal analysis showed an
increment of 50% between the first and second dayEa2-hexenal showed an
increment of the relation peak area/lS peak are@1é6 (Iglesiaset al., 2007). The
incubation of 0.5 g of fish oil emulsion at 60 °@richg 30 min leads to the most
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effective extraction of volatiles associated wiihid oxidation of fish oil emulsions.
The HS-SPME method coupled with GC-MS allowed thalitative and quantitative
analysis of the volatiles derived from oxidationreél fish oil enriched foods such as
milk and mayonnaise (lglesias al.,2007).

2, E+06
1,E+06
1,E+06

9,E«05

Counts
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5 E+0O5

3,E+D5

1,E+05

-1, E+05

Figure 3. Chromatogram of oxidized Atlantic horse mackerelsole. Peaks are
identified as shown in Table 1.

Source:Iglesias and Medina (2008).
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Table 1. Selected compounds and their SIM mass in oxidizéahfic horse mackerel
analyzed by HS-SPME

Number Compound name Retention time (min) SIM mass

1 Propanal 251 29 + 57 + 58

2 2-Ethylfuran 6.75 53 +81 +96

3 1-Penten-3-one 8.30 27 +55 + 84

4 Pentanal 8.40 29 +41 + 44 + 57 + 58
5 1-Penten-3-ol 8.83 57 + 86

6 2,3-Pentanedione 8.85 43 + 100

7 E-2-Pentenal 12.34 55+ 83 + 84

8 Hexanal 13.46 44 + 56 + 72 + 82

9 E-2-Hexenal 17.04 41 + 55 + 69 + 83 + 98
10 Heptanal 17.78 44 + 55+ 70

11 Z-4-Heptenal 17.92 41 + 55 + 68

12 2-Pentylfuran 18.94 81 + 138

13 1-Octen-3-ol 20.04 52+ 72

14 (E.E)-2,4-Heptadienal 21.05 81+ 110

15 (E.2)-2,4-Heptadienal 21.43 81+ 110

16 3,5-Octadien-2-one 22.80 81+95+124

Sources: Iglesias and Medina (2008).
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1.2.7 Lipid oxidation in muscle foods

Lipids are the most variable components in meatd drere are
differences between species, muscles types andoégenimals. They can be
categorized by their location in the muscle (Foaugét al., 1996). In adipose tissue,
stored triglycerides are arranged in large globulikin the cell and they vary greatly
in amount and composition within species and asnatfon of diet. In muscle tissue,
muscle lipids are integral parts of various ceHlufructures, including the cell
membrane, mitochondria and microsomes. These @lludar fats include most of the
phospholipids of the tissue and have partial assioci with proteins (Erickson, 2002).
In fatty fish muscle, fat occurs as extra-cellufiaoplets in the muscle tissue. In red
muscle, distinct fat droplets exist within the sellvhereas in white muscle, the fat is
well dispersed outside the muscle cells (Foegedingl., 1996). One of the major
causes of quality deterioration in muscle foodgpigl oxidation (Erickson, 2002). The
level of lipid present does not determine the otiidasusceptibility of the muscle. The
type of lipid and its reactivity determines the weence of lipid oxidation in muscle
foods (Frankel, 2005). Lean beef muscle consistabolut 2-4% triacylglycerols and
0.8-1% phospholipids containing 44% polyunsaturdédty acids.In vitro studies of
individual lipid classes indicate their oxidativealsility of a food system. Free fatty
acids oxidize faster than triacylglycerols, whilee treactivity of membrane lipids is
greater than that esterified triacylglycerols (Esen, 2002). Fish muscle is more
susceptible to lipid oxidation than beef becausetr@ir higher polyunsaturated
phospholipid fraction (Frankel, 2005). Fish musdée noticeably different than
mammalian or avian muscles because they contangarl percentage of unsaturated
fatty acids making them the most unstable towanmid loxidation (Erickson, 2002;
Foegedinget al.,1996).

The presence of antioxidants and/or catalysts amdl fprocessing
operations can alter the oxidative stability of wlasfoods (Leeet al., 1997).
Antioxidants are the most important defense medmarior lipid oxidation in muscle
foods. They inhibit oxidation by reducing the ratkeoxidation or by reducing the
maximal level of oxidation (Erickson, 2002). In rnoles foods, many oxidative

reactions occur in the aqueous environment, hemater-soluble antioxidants should
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be highly effective (Decker, 1998b). Free radiceahvengers have shown to be
effective inhibitors of meat flavor deterioratiow( and Brewer, 1994). Prooxidants
in muscle foods include transition metal ions, Bh@xygen generation systems and
enzymic initiation systems (Erickson, 2002). Biotay oxidation is due almost
exclusively to metal ion-promoted reactions (KanriE392). All food products are
subjected to numerous processing treatments migtdrage. During processing, an
opportunity to alter patterns of oxidation arisbBncing of muscle tissues disrupts
cellular integrity and exposes more of the lipidgptooxidants. It will also dilute the
antioxidant concentration, increase the exposurdéissiie to oxygen, and increase
surface area, accelerating oxidation process (Eoitk2002). Heating modifies lipid
oxidation by dislodging iron from haem compoundsrupting cellular integrity,
breaking down preexisting hydroperoxides and inating enzymes associated with
lipid oxidation (Erickson, 2002; Watts, 1962). Iras essential for all living things
because it is necessary for oxygen transport, nagm and the activity of many
enzymes (Decker and Hultin, 1992). Muscle foodstaionthe prominent amounts of
iron, a known pro-oxidant. Lipid oxidation can betiated by the presence of soluble
low molecular weight iron, which produces hydroratlicals from hydrogen peroxide
(Decker and Hultin, 1992; Wu and Brewer, 1994).

During fish processing and storage, quality maylidecas a result of
several reactions affecting both protein and lipidctions and decreasing the
nutritional and sensory properties of the prodlrmleed, due to their high level of
unsaturated long chain polyunsaturated fatty acfdfty fish products are very
susceptible to oxidation. Lipid oxidation in fiskads immediately after the harvest
and during the processing, making the fish smeitich Thiobarbituric acid reactive
substances (TBARS) was higher in the minced filte in the mince because less
subcutaneous fat and dark muscle were removedglbend-mincing, indicating that
the settings of the skinning-deboning machine ¢eongly influence the final quality
of the product (Eymarcet al., 2005). The total lipid hydroperoxide content and
TBARS of the yellowtail $eriola quinqueradiatadark muscle were higher than those
of the ordinary muscle during 2 days of iced steraghose changes were
accompanied with the increasing intensity of fisspopiled and rancid off-odor as well
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as increasing metmyoglobin formations which resudtsliscoloration. However, no
correlation was found between the content of thyéd hydroperoxide and the odor
intensities in ordinary muscle (Soleh al, 2005). Antioxidant is capable of delaying,
retarding or preventing the development of rangidit other flavor deterioration due
to oxidation (Gordon, 1990). The rate of PV inceeass significantly higher in the
herring-fillets stored for 6 and 9 day than in€i# stored for 0 and 3 days on ice
(Undeland and Lingnert, 1999). It is therefore omadble to assume that critical
changes increasing the susceptibility toward lipiddation took place in the fillets
between 3 and 6 days on ice (Undeland and Lingid®9). Kolakowska (1981)
observed that mince produced from 2-day Baltic ihgrihad a faster increase in
oxidation products during subsequent frozen stothga herring stored for a period
longer or shorter than 2 days. It cannot be exdutt@t compounds arising from
protein changes or lipid hydrolysis had reachedelkevat propagation stage of
oxidation at which they might possess an inhibiteftect (Undeland and Lingnert,
1999). The rate of degradation process of this Kewalls to protein alteration in
particular, however, it has a large impact on lipiddation dynamics, both positively
and negatively. It has been suggested that theuptioth of protein radicals is crucial
to the initiation of lipid oxidation (Srinivasan é@rHultin, 1995) and that proteolysis
brings lipids and catalysts, which are normallyasaged, in close contact with each
other (Harris and Tall, 1989). Both ice storage draren storage significantly
promoted all of the oxidation products measuredweiceer, the larger effect arose
from storage on ice, which stresses the importarfideniting the holding on ice of
herring prior to frozen storage (Undeland and Lemyn1999). None of the oxidation
products were significantly affected by the int¢i@t between ice and frozen storage.
The development of rancid odour further supporteimimisation of the ice storage
period. Rancidity in herring fillets could be detst sensorially after 2.5 days on ice
(Undeland and Lingnert, 1999). The developmentimtl loxidation during storage
seemed to depend on the composition of the mindeixTend its initial oxidative
status (Eymardet al., 2009). The compounds resulting from lipid oxidatioan
modify proteins by inducing cross linking, resudtim modifications of amino acids of
nutritional interest and a decrease in protein tionality (solubility, hydrophobicity)
due to protein denaturation (Pokoretyal.,1976).
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1.2.8 Antioxidants

Antioxidants are substances, synthetic or naturatigurring, that can
delay the onset or slow the rate of oxidation dbaidizable materials. Antioxidants
are regarded as compounds capable of delayingdirgaor preventing autoxidation
processes. According to the USDA Code of FedergluRdions, “antioxidants are
substances used to preserve food by retardingialetiéon, rancidity or discoloration
due to oxidation” (Dziezak, 1986). Synergists arbstances that enhance the activity
of antioxidants without possessing antioxidantvatgtiof their own (Nawar, 1996). It
has been suggested that an ideal food-grade asioixshould be safe, not impart
color, odor or flavor, be effective at low concetibns, be easy to incorporate,
survive after processing, and be stable in thestiei product (carry through) as well

as available at a low cost (Coppen, 1983).

The activity of antioxidants is strongly influenckbg numerous factors.
Thus, compounds that are effective antioxidantenia system may be unsuitable in
other systems. Some factors influencing antioxidamivity are the nature of the lipid
substrate, the hydrophilic-lipophilic balance oé thntioxidant, physical and chemical
environments and interfacial interactions (Chaeg al., 2003; Porter, 1993).
Antioxidants act at different levels in the oxida&ti sequence involving lipid
molecules. They may decrease oxygen concentratitancept singlet oxygen, prevent
first-chain initiation by scavenging initial radlsasuch as hydroxyl radicals, bind
metal ion catalysts, decompose primary productexadation to non-radical species
and break chains to prevent continued hydrogerraadtigtn from substrates (Shahidi,
2000, 2002).

According to their mechanism of action, antioxidaoan be classified
as primary or secondary antioxidants. Primary amdents are chain breaking
antioxidants and can inhibit lipid oxidation by enfering at the propagation or
initiation phase or iff-scission reactions by accepting free radical®tmfstable free
radicals. Secondary antioxidants are consideredeptative antioxidants, such as
chelators, oxygen scavengers and singlet oxygemaotpees. These antioxidants

decrease the rate of oxidation through numeroushamsms; however, they do not
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convert free radicals into more stable productsa{gdsitet al.,2007; Frankel, 2005).

Antioxidants can inhibit lipid oxidation by numemmechanisms.

1.2.8.1 Free radical scavengers and chain breakiraptioxidants

Free radical scavengers and chain breaking antiaischave the ability
to slow or inhibit oxidation by interfering with ther chain initiation and/or
propagation. The following reaction demonstratesathility of free radical scavengers
(FRS) to interact with either peroxyl (LOOe¢) or akyl (LOe) radicals (Decker, 2005;
Frankel, 2005):

LOQe or LOe + FRS— LOOH or LOH + FRSe.

Peroxyl radicals are found in the greatest coneaéotr of all radicals in
a system and have lower energy than other radiG&lerefore, they preferentially
react with the low energy hydrogens of the freeicaldscavenger rather than the
unsaturated fatty acid, resulting in the formatafna free radical scavenger radical
(FRSe). The resulting low energy FRSe will be I&ksly to catalyze the oxidation of
unsaturated fatty acids. The inactiviation of tHeSe occurs during a termination
reaction with another FRSe or lipid radical (Deck2005; Buettner; 1993; Frankel,
2005). Free radical scavengers can be physicaligsifled into two groups: 1.
hydrophilic (water loving/polar) and 2. lipophilliqoil loving/non-polar). The
difference in the behavior of these two types oBSHR food systems is referred to as
the antioxidant polar paradoxThe premise of this theory is based on the olaserv
that, in emulsified oils, non-polar FRS are moredifve than polar FRS, while polar
FRS are more effective than non-polar FRS in bl @-rankel, 2005; Chaiyasét
al., 2007; Porter, 1993; Decker, 1998b). The key te fienomenon is the ability of
the FRS to concentrate where lipid oxidation is thpwevalent. Polar FRS concentrate
at oil-air or oil-water interfaces in bulk oils, ete the majority of oxidation occurs
due to high concentrations of oxygen and prooxslaim emulsions, non-polar FRS
accumulates in the lipid phase and at the oil-watéerface where interactions
between hydroperoxides at the droplet surface aodxplants in the aqueous phase
occur (Decker, 1998b; Chaiyasital.,2007; Decker, 2005).
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To be used in food applications, synthetic FRS nhestsufficiently
active enough to be used at low concentration®W6l02%) and are not toxic. They
must also be stable to processing and cooking ttiondi Compared to natural FRS,
synthetic FRS are more effective, can be used werlocconcentrations, are less
expensive and can be prepared with consistenttguaithout an effect on flavor,
color and aroma of the food product (Frankel, 20B6korny, 2007). However,
synthetic FRS are “label unfriendly” additives (Gfasit et al., 2007). Some of the
most commonly used synthetic FRS in food systemsspaopyl gallate, butylated
hydroxyl toluene (BHT), butylated hydroxyanisole HB) and tertiary
butylhydroquinone (TBHQ) (Decker, 2005; Frankel,02p In the past couple of
decades; use of natural FRS has increased duert@svabout the possible hazardous
effects of synthetic FRS and also current trendsnat) the use of regulated/artificial
food additives. The benefits of using natural FRSude GRAS (generally recognized
as safe) status, allowance to use higher conciemsagand worldwide acceptance. The
negative side of natural FRS includes wide vamatin concentration of active
components due to source and extraction methodsiadesirable effects on flavor,
color and aroma of foods (Frankel, 2005; Pokor@g 7).

Potentially active compounds from natural souraehsas fruit, herbs,
roots, bark and leaves have been extensively studiece there is much interest on
their FRS activity in relation to human health. iWat compounds that possess FRS
activity are polyphenols, such as flavonoids, aefinoids, isoflavones, and tannins,
as well as some vitamins including vitamin A, C @&dThe role of these compounds
is to interrupt the free radical chain reactionalved in oxidation. Polyphenols have
strong FRS properties which can help protect adlsinst adverse effects of reactive
oxygen species, free radicals and pro-oxidativealhiens (Dufresne and Farnworth,
2001; Aviramet al.,2002). Of the tea catechins, green tea extraets haen found to
have higher phenol content and greater chain-bmgaketivity than black tea extracts
(Manzoccoet al., 1998). Carotenoids, found in fruits and vegetgble another
major group of natural compounds which have FR®¢nttes. Lycopene has a high

FRS potential due to its capacity to inactivate fradicals in lipid phases (Siesal.,
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1992; Ribeiroet al., 2003) and by interfering with reactions of damagoxidizing
agents and free radicals (Ribeabal.,2003; Henryet al.,1998).

1.2.8.2 Metal inactivators and chelators

Metal inactivators and chelators are compounds ¢hat inhibit lipid
oxidation by mechanisms that do not involve thectleation of free radical chains.
These metal inactivators decrease the ability ofammns to promote initiation
reactions and the decomposition of hydroperoxidessecondary aldehydes (Frankel,
2005, Pokorny, 2007). Chelators inhibit metal-gatatl reactions by: prevention of
metal redox cycling, formation of insoluble metalnmplexes, steric hindrance of
metal-lipid interactions or oxidation intermediatés.g. hydroperoxides) and/or
occupation of all metal coordination sites (DecK&98a). Most chelators accumulate
in the aqueous phase of foods, however, in ordendotivate lipid-soluble metals,
some chelators must also partition into the lipichge (Decker, 2005). Conversely,
under certain conditions, some chelators can isereaetal solubility or alter the
redox potential of metals, thus increasing oxidatikeactions (Decker, 1998a).
Ethylenediamine tetraacetic acid (EDTA), one of thest effective metal chelators,
along with citric, tartaric and phosphoric acide aompounds which can deactivate
metals by forming stable coordination complexeshwgiro-oxidant metals, thus
effectively inhibiting both metal-catalyzed initiad and decomposition of
hydroperoxides (Frankel, 2005). However, the amfiatxvve and/or pro-oxidative
properties of metal chelators are often concewnimatiependant. It has been found that,
when present at an EDTA: iron ratio of > 1, EDTAllvgerform as a strong metal
chelator, in contrast, at an EDTA: iron ratio<ol, EDTA can behave as a prooxidant
(Mahoney and Graf, 1986).
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1.2.8.3 Singlet oxygen quenchers

The use of quenching agents is an effective wayethice singlet
oxygen oxidation. Quenching agents may decreaggesioxygen promoted oxidation
by quenching the excited triplet sensitizer or Ehgxygen by chemical or physical
means. Chemical quenching involves the reactionsioflet oxygen with the
guenching agent to produce stable products. PHygiesching returns singlet oxygen
to triplet oxygen without the consumption of oxygand any chemical changes of
guenching agent (Min and Boff, 2002; Frankel, 2008tural food components such
as carotenoids, tocopherols and ascorbic acid Hween found to be effective
guenching agents (Min and Boff, 2002). Carotenaids chemically quench singlet
oxygen when the singlet oxygen attacks the doublel® of the carotenoid, resulting
in carotenoid breakdown products such as aldehgddsetones. Physical quenching
does not lead to breakdown products. During physiganching, there is a transfer of
energy from the singlet oxygen to the carotenoithdpcing an excited state
carotenoid and ground state triplet oxygen. Thegn&om the excited carotenoid is
dissipated by vibrational and rotational interagsiovith the surrounding solvent to
return it to the ground state (Decker, 2005). Lyamphas been found to be one of the
most efficient singlet oxygen quenchers of the dgatal carotenoids (Di Masciet
al., 1989).

1.2.8.4 Lipoxygenase inhibitors

The use of inhibitors can be another means to loweprevent the
enzymatic oxidation induced by lipoxygenase. Theegrtea extract showed inhibitory
effects on both LOX-catalyzed and haemoglobin-gatad oxidation of arachidonic
acid and linoleic acid (Liu and Bonnie, 2004). Sanieffect of green tea extract was
found in LOX from tilapia and grey mullet. Catechmixtures prepared from tea
effectively prevented the prooxidant activity opdixygenase (LOX) in fish skin
extract (Mohriet al., 1999). The typical application of green tea polypdis (GTPS)
significantly inhibited epidermal cyclooxygenaseQX) and LOX (E.C. 1.13.11.12),
which are used as markers of skin tumor promotidnafget al., 2005). The gill
LOX pretreated with green tea extract (GTE) showd.2% inhibition of tilipia gill
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LOX and a 76.7% inhibition of grey mullet gill LOX.iu and Bonnie, 2004). GTE
can inhibit both the LOX-catalyzed dioxygenationdathe autoxidation of the
polyunsaturated fatty acids (PUFA) (Liu and Bonri2@04). Green tea polyphenols
have potent free radical quenching and antioxi@dativities (Wisemaret al., 1997)
and have structural features that may specificallgrfere with the arachidonic acid
cascade, including the LOX pathway (Hussatiml., 2005). Green tea polyphenols are
very potent inhibitors of mackerel LOX, with EGCép(gallocatechin gallate) as the
most effective inhibitor (I 0.13 nM) followed by ECG (epicatechin gallate) 36C
0.8 nM), EC (epicatechin) (k6.0 nM), EGC (epigallocatechin) (IC50 9.0 nM) and
Ct (catechin) (IC50 22.4 nM) (Banerjee, 2006). Batlimal and plant LOXs are
inhibited by phenolic compounds, mainly phenolicdacand their related esters and
flavonoids, which are naturally occurring antioxite (Kohyamaet al., 1997).
Therefore, antioxidants such as flavonoids whidhaacfree radical quenchers (Zhou
et al., 2005) may act as LOX inhibitors. In addition, itsheeen proposed that the
inhibitory effects of antioxidants depend on thg$bo-chemical state of the substrate
and the type of LOX (Nogucleit al.,2002).

1.2.8.5 Multiple antioxidant functions

Antioxidant compounds may reinforce each other uthrtomponent
systems by cooperative effects known as “synergisBynergism imparts more
protection against lipid oxidation than the sumtloé activities of the compounds
when used separately (Coleman and Williams, 2007).addition, the use of
synergistic antioxidant mixtures can allow for duetion in the concentration of each
antioxidant (Abdalla and Roozen, 1999). If bothtiation and propagation are
suppressed, successful synergistic inhibition canabhieved. A commonly used
combination of synergistic compounds in foods igipg of metal inactivators with
chain breaking antioxidants (Nawar, 1996; FranRe0D5). An example of synergism
between two compounds is the combined antioxidagiffect of ascorbic acid and
butylated hydroxy toluene (BHT). Ascorbic acid ke capability to chelate metals,
therefore limiting their ability to initiate lipiexidation. BHT, a phenol and a chain
breaking antioxidant, has been shown to be mucheneffective at retarding lipid

oxidation in the presence of ascorbic acid (Colermad Williams, 2007). Recently,
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the synergistic antioxidant effect between roseneatyact and BHT was studied and
it was found that a comparable antioxidant activity rosemary, BHT ancu-
tocopherol was considerably higher than BHT (Romeinal., 2006). This indicated
the positive interaction between rosemary extrat BHT on increasing the total
antioxidative activity. Rosemary methanolic extraghances the antiradical efficiency
of BHT through synergistic interactions (Romaeial.,2006). Positive interactions of
the rosemary methanolic extract with ascorbic arida-tocopherol on antioxidative
efficiency was also reported by Romaetaal. (2006). Several studies have shown that
plant polyphenols have a synergistic effect witheotantioxidants present in plant
material (Graversemt al., 2008). Lettuce extract had a clear antioxidatiieatfas
evidenced by a lag phase for formation of conjudjateenes and-tocopherol and
especially quercetin acted synergistically in pnglation of the lag phase both
following initiation in the lipid phase and in tregqueous phase (Altunkay al.,
2009). Antioxidants localised at or near the irdeef of the liposomes such as
guercetin andi-tocopherol acted synergistically with lettuce extras an antioxidant,
while the hydrophilic antioxidant ascorbic acid slea no synergism (Altunkayet
al., 2009). Synergistic interactions with respect tticaidant activity and biological
functions can also be found between flavonoids sscboy and green tea (Bertipaglia
de Santanat al.,2008).

1.2.8.6 Phenolic antioxidant from natural sources rad their

antioxidative activity

Different phenolic compounds with antioxidativeiaity from various
natural sources have been reported. Flavonoidsharenost widely studied class of
polyphenols with respect to their antioxidant andldgical activities. They have
powerful antioxidant activities vitro, being able to scavenge a wide range of reactive
oxygen species (ROS) and reactive nitrogen sp€RNS) and chlorine species, such
as superoxide, hydroxyl and peroxyl radicals, anéroyynitrous acid and
hypochlorous acid (Hernandetal.,2009).
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Green tea is the most abundant source of tea lpatygds, mostly in the
form of gallic acid and its catechin derivativehheTmajor green tea catechins are
epigallocatechin-3-gallate (EGCG), epigallocatec{leBGC), epicatechin-3-gallate
(ECG), and epicatechin (EC). In general, approxaéiyaB0% of the dry weight of
green tea is catechin (Ha al, 2009). EGCG, ECG, EGC, theaflavin digallate (TF-2
theaflavin monogallate (TF-1), and theaflavin (BRpwed higher DPPH radical- and
superoxide-scavenging abilities than carnosol, ascnacid, and BHT (Chen and Ho,
2007).

A wide range of plant polyphenols or plant extsadtave been
evaluated for their antioxidant properties in unsated marine oils, meat and fish
model systems (He and Shahidi, 1997). Flavonoidpmrants obtained from grape
by-products were effective in retarding lipid oxida in different systems containing
fish lipids, including bulk oil, oil-in-water emutsn and frozen fish muscle (Pazet
al., 2005b). Grape polyphenols are also reported te Ipa¥ential in preventing lipid
oxidation in various food systems. Cranberries areggood source of phenolic
compounds including flavonols, anthocyanins andaptiococyanidins (Chert al.,
2001). The chloroform extract of cranberries at lewels (0.01, 0.05, 0.1 and 0.2%)
was highly inhibitory towards lipid oxidation in miganically separated turkey (MST)
(Kathirvel et al., 2009). Grape antioxidant dietary fibore (GADF) aning high
amounts of dietary fibore and phenolics antioxidastech as phenolics acids,
anthocyanidins, proanthocyanidins, catechins ahérolavonoids, was successfully
used as an ingredient in minced fish (Sanchez-Alatsal., 2007). Polyphenols
derived from brown seaweeds are also potent felimushelators (Chewt al.,2008)
and their metal chelating potency depends upom timegue phenolic structure and the
number and location of the hydroxyl groups preserthe molecules (Santost al.,
2004). Medicinal plants from Leguminosae family d&igh in polyphenol contents
(Chew et al., 2009). Rutin was found to be abundantdn pulcherrimaleaves. A
positive correlation was found between TPC and ouari antioxidant activities
assessed inn vitro systems, indicating that polyphenols could be thajor
contributors to free radical scavenging and redy@hility of the extracts (Chewt
al., 2009). A high lipid peroxidation inhibition acttyi of extracts suggested that their
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antioxidants from medicinal plants belonging to Wwegnosae family could be utilised
as alternative food ingredients and preservatdédferent antioxidative compounds

have been identfied in the various natural prodastshown in Table 2.

Table 2.Phenolic antioxidant from various natural sources.

Sources Antioxidative compounds | References

1. Fruits
Flavanols, hydroxycinammiHakkinen et al., 1998, Belitz and Grosch, 199@/anc

Berries acids, hydroxybenzoic acids «aad Lin, 2000, Yanishlievdaslarova and Heinone
anthocyanins 2001, and Manackt al.,2004.

North Trans-resveratrol, cinnamic acid,

European ferulic acid, p-coumaric acigthalaet al.,2005.

berries quercetin and morin

Cherries Hydroxycirjnamicacids and Be[itz and Grosch, 1999, Yanishliekéaslarova an
anthocyanins Heinonen, 2001, and Manaehal.,2004.

Black Anthocyanins and flavonols Bel_itz and Grosch, 1999, Yanishliekéaslarova an

grapes Heinonen, 2001, and Manaehal.,2004.

Citrus fruits Flavanones,_ flavpnols Yanishlieva-Maslarova and Heinonen, 20®e¢echel
and phenolic acids 2003, and Manackt al.,2004.

Plums,

prunes, Hydroxycinnamic acids and |Belitz and Grosch, 1999, Yanishliedaslarova an

apples, pearcatechins Heinonen, 2001, and Manaehal.,2004.

Kiwi

Chestnut . : .

(flower, skirphenoIIC acids and flavonoids Barreiraet al.,2008.

leaf and fruit)

2. Vegetables

Aubergin ﬁnthocya_nms a_nd : Manachet al.,2004.

ydroxycinnamic acids

Ch_lcory, Hydroxycinnamic acids Managt al.,2004.

artichoke

Parsley Flavones Manaeth al.,2004 and Beecher, 2003.

Rhubarb Anthocyanins Manaei al.,2004.

lSweet pOtalFlavonols, flavones, Chet al.,2000.

eaves

vellow onion Flavonols Manackt al.,2004.

curly

Parsley Flavones Manaei al.,2004.

Spinach Flavonoids ar@coumaric acidBergmaret al.,2001.

3. Flours

Oats, whea . . . Yanishlieva-Maslarova and Heinonen, 2001 Bfahact

rice Caffeic and ferulic acids et al.. 2004,

4. Tea

Black, green | Flava-3-ols and flavonols Manatfal.,2004 and Beecher, 2003.

5. Drinks

Orange juice| Flavanols Manaehal.,2004.

Coffee Hydroxycinnamic acids Manaehal.,2004.

Chocolate Flavanols Beecher, 2003 and Mamach.,2004.
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Table 2 continues....

Sources Antioxidative compounds| References

6. Herbs anc

spices
Rosemary Carnosic acid and carnosol, YanishlievalMava and Heinonen, 2001.
Rosmarinic acid rosmanol Ibanetzal.,2003.
Carnosol, Carnosic acid,
Sage lateolin, rosmanul and Yanishlieva-Maslarova and Heinonen, 2001.
rosmarinic acid
Rosmarinic acid Zheng and Wang, 2001.
Rosmarinic acid, phenolic e¢anishlieva-Maslarova and Heinonen, 2001.
Oregano
ids and flavonoids Exarchouet al.,2002 and Belhattaét al.,2004.
Thyme Thymol and carvacrol, Yanishlieva-Maslarowd &leinonen, 2001.
Flavonoids and lubeolin Exarchetial.,2002.
Summer Rosmarlnlc,_ carnosol, cavacy anishlieva-Maslarova and Heinonen, 2001.
savory and flavonoids
Ginger Gingerd and related compourdanishlieva-Maslarova and Heinonen, 2001.
7. Medicinal
plants from
Leguminosae
family
Leaves an
flowers
of Bauhinia

kockiana Flavones, flavonols, Rutin ant

Caesalpinia |Chlorogenic acid jChewet al., 2009

pulcherrimg
andCassia
surattensis
8. Beans
Beans Flavanols Manaeh al.,2004.
9. Seaweec
and Algae
brown + EP 9a ' Rodriguez-Bernaldo de Quirésal.,2010.
catechingallate, epigallocatechin
seaweed : ;
and epigallocatechin gallate
Gallic acid, catechin,
Brown epicatechin, rutinp-coumaric
alga;Stypo- lacid, myricetin, quercetin and_ Lopezet al., 2010.
caulon protocatechuic, vanillic, caffeic,

scoparium  ferulic, chlorogenic, syringic al
gentisic acids.
Seagrasses
(Zostera Rosmarinic acid Achamlalet al.,2009.
noltii andZo-
stera marind
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Most of the natural plants (fruits and vegetablesijitaining varying

amounts of phenolic compounds have been deternioreahtioxidative activities by

in vitro assays. Total antioxidant capacity of various fp&rd beverages, assessed as

Trolox — a water soluble vitamin E analogue — egl@mt antioxidant capacity (mmol

Trolox per kg of food or | of beverage) is showrilable 3 (Ovaskaineet al.,2008).

Table 3. Total antioxidant capacity of various plants (fsLand vegetables) inmol

Trolox/kg or |.
Food/beverage mmol Trolox/kg or | Food/beverage mmol Trolox/kg or |
Spinach 8.5 Cola 0.1
Pepper 7.6-8.4 Black tea 3.6
Broccoli 3.0 Green tea 6.0
Carrot 0.4 Coffee (espresso) 36.5
Potato 0.8 Coffee (soluble) 32.5
Tomato 1.7 Beer (lager) 1.0
Blackberry 20.2 Cognac 1.3
Grape 2.5-3.9 Whiskey 1.7
Olive 10.4-14.7 Rum <0.1
Pineapple 9.9 White wine 1.6-1.9
Strawberry 10.9-11.3 Rosé wine 1.5-2.4
Orange juice 3.0 Red wine 9.0-12.1

Source Ovaskaineret al.,(2008).

1.2.9 Phenolic compounds as antioxidants

Natural antioxidants from dietary sources inclugleenolic and

polyphenolic compounds. The mechanism by which ehastioxidants exert their

effects may vary, depending on the compositionadratteristics of the food.

Furthermore, the beneficial health effects of comsg plant foods have been

ascribed, in part, to the presence of phenolicsclwaire associated with counteracting
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the risk of cardiovascular diseases, cancer aratamdtas well as a number of other
degenerative diseases. This is achieved by prexgetipid oxidation, protein cross
linking and DNA mutation and, at later stages,utsslamage (Shahidi and Naczk,
2004). Although, phenolic compounds and some df therivatives are very efficient
in preventing autoxidation, only a few phenolic gmunds are currently allowed as
food antioxidants. The major considerations foregtability of such antioxidants are
their activity and potential toxicity and/or carcgenicity (Shahidi and Naczk, 2004).
The approved phenolic antioxidants have been extgsstudied, but the toxicology
of their degradation products still is not cleaheTrole of polyphenolic compounds in
preventing the generation of ROS and various réglabaring lipid oxidation has been

elucidated in Figure 4.

Some commercially produced plant phenolic compoura® recently
been considered as antioxidants. Phenolic composunds as tea catechins, grape
procyanidins, rosemary extracts and olive oil hygtgrosol have been found to retard
lipid oxidation in fish muscle-based food produ(®azoset al, 2006; Tanget al,
2001). Tanget al. (2001) reported that antioxidant potential of tadechins added to
mackerel and whiting mince was two-fold greatemthiat of a-tocopherol at the
same concentration. Inhibition of haemoglobin-arahipromoted oxidation in fish
microsomes by phenolic compounds have been stigiéhzost al. (2006). Isolated
grape procyanidins expressed the highest antiox&latctivity followed by propyl
gallate, grape phenolic extract and olive oil hygtgrosol, respectively. Leet al.
(2006) reported that oligomeric polyphenols (epgaanthocyanidins) from cranberry
extracts were least effective to inhibit haemogieiniediated lipid oxidation in
washed fish muscle compared to the other classgolgphenolics (e.g., phenolic
acids, flavonols and anthocyanins). The reducingaciy or ability for donating
electrons and the chelating properties may alstribore to the antioxidant activity of
phenolic compounds (Pazet al, 2006).Even though many natural and synthetic
compounds have antioxidant properties, only a féwhem have been accepted as
“generally recognized as safe” (GRAS) substancesule in food products by
international bodies such as the Joint FAO/WHO Expgegommittee for Food
Additives (Hallagan and Hall, 1995).
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0, H,0, L metal ions, Lipoxygenase (LOX)

Metal chelator

.................................................... PP LOX inhibitor

v —— Oxygen quencher

Radical scavenger

.................................................. PP _ Hydrogen donor

Electron donor

Reactive oxygen

Detrimental effect on lipids and proteins quencher

Lipid
(Fats and oils) Proteins
Y \ 4
e Rancidity, e Protein oxidation
e Off-colour, e Protein fragmentation
e Loss in nutritive value e Poor protein functionality
e Toxic compounc e Loss of nutritional value

Figure 4. Elucidation of detrimental effects of lipid antbfein oxidation and
preventive role of polyphenols (PP).
Source: Shahidi and Naczk (2004).

1.2.9.1 Antioxidative action of phenolic compounds

Phenolic antioxidants (AH) interfere with lipid abdtion by rapid
donation of a hydrogen atom to lipid radicals. Thaction of antioxidant and lipid
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radical is exothermic in nature. The activationrggencreases with increasing A-H
and R-H bond dissociation energy. Therefore, thecieficy of the antioxidants
increases with decreasing A-H bond strength. Theltieg phenoxy radical must not
initiate a new free radical reaction or be subgd®e rapid oxidation by a chain
reaction. In this regard, phenolic antioxidants aweellent hydrogen or electron
donors. In addition, their radical intermediates eelatively stable due to resonance
delocalization and lack of suitable sites for dttdoy molecular oxygen (Sherwin,
1978; Nawar, 1996).

The phenoxy radical formed by reaction of a phavith a lipid radical
is stabilized by delocalization of unpaired elestroaround the aromatic ring as
indicated by the valence bond isomers.

D OH
oH
OoH RO ' ROOH : AROOQ® ROOH :

However, phenol is inactive as an antioxidant. 8uli®n of the
hydrogen atoms in the ortho and para positions \aityl groups increases the
electron density of the OH moiety by an inductivite& and thus enhances its
reactivity toward lipid radicals. Substitution &ietpara position with an ethyl or
butyl group rather than a methyl group improves #wtivity of the phenolic
antioxidant; however, the presence of chain or drad alkyl groups in this position
decreases the antioxidant activity (Gordon, 19B@tause these substituents increase
the steric hindrance in the region of the radictitey further reduce the rate of

possible propagation reactions that may occur (@oréi990).

The introduction of a second hydroxy group at théha or para
position of the hydroxyl group of a phenol increasts antioxidant activity. The
effectiveness of a 1,2- dihydroxybenzene derivasviacreased by the stabilization of
the phenoxy radical through intra-molecular hydrodsond. Thus, catechol and
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hydroquinone are more effective in their peroxyt@tscavenging activity than phenol
(Heignenet al., 2001). Similarly, flavonols containing a cateclhobiety (3- and 4-
OH) in ring B (rutin and monohydroxyethyl rutinosijdor an AC-ring with three OH
groups (3-, 5-, and 7-OH) are potent scavengers.3F@H group is found to be the
active center; its activity is influenced by electrdonating groups at the 5- and 7-
positions (galangin, kaempferol, and trihydroxyétiquercetin). In another study,
Heim et al. (2002) found that multiple hydroxyl groups conéstr substantial
antioxidant, chelating, and, in some cases, prdamti activity to the molecule.
Methoxy groups introduce unfavorable steric effebtd the presence of double bond
and carbonyl functionality in the C ring increaghs activity by affording a more
stable flavonoid radical through conjugation anecttbn delocalization. Finally, the
antioxidant activity of hydroxyflavones is influegt by pH. The antioxidant potential
increases, as determined by the TEAC assay, upprotdeation of the hydroxyl
group. This indicates that the mechanism of actbrflavonoids is variable and,
although abstraction of the hydrogen atom is inedl¥or under protonated species,
electron (not hydrogen) atom donation is involved the deprotonated species
(Lemanskaet al., 2001). Furthermore, the hydroxyl radical scaveggattivity of
phenolics involves multiple mechanisms, includingltoxyl bond strength, electron
donating ability, enthalpy of single electron tr@msand spin distribution of the
phenoxy radical after hydrogen abstraction (Chetray.,2002).

The effect of antioxidant concentration on autoi@a depends on
many factors, including the structure of the antlart, oxidation conditions, and
nature of the sample oxidized. Some phenolic aitéoks lose their activity at high
concentrations and behave as pro-oxidants (Gorti®80). Antioxidant activity by
donation of a hydrogen atom is unlikely to be lexitto phenols. Endet al. (1985)
suggested that the antioxidant effect of chlorophylthe dark occurs by the same
mechanism as phenolic antioxidants. Electrostdtarge of oil droplets in emulsion
and the pH have a major effect on the physical tionaand effectiveness of
antioxidants and pro-oxidants in emulsions. Drapletabilized with an anionic
emulsifier are capable of accelerating lipid oxiolatdue to the electrostatic attraction

that occurs between the negatively charged oil+watterface and the positively
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charged metal ions present (Frankel, 2005; Bteal., 1999). The effectiveness of
antioxidants can be influenced by the attractiymilgive electrostatic interactions
between charged antioxidants, which will affectith@cation and activity within the
system. Electrostatic forces can also have antefiecharged pro-oxidants, in turn,
affecting the location and activity of transitioretals in the system. In addition, pH
can alter the location of ionic antioxidants byegtg their charge and solubility and,
in addition, can alter the ionic interactions begwerooxidants and other components
(Mei et al., 1999). Lipophillic antioxidants concentrate in thie droplet, where lipid
oxidation takes place, and are more effective mbiting oxidation than hydrophilic
antioxidants which partition into the water phaBec¢ker, 1998b; Huanet al., 1997).
Emulsifiers can create a protective barrier arouipid droplets, deterring the
penetration and diffusion of metals and radicalsictv initiate lipid oxidation, into the
lipid. The addition of metal chelators can decreastal reactivity by binding metals
and physically removing them from the lipid coredém droplet interface, thus
inhibiting the decomposition of lipid hydroperoxgjen turn retarding lipid oxidation
(Deckeret al.,2002).

1.2.9.2 Preventive effect of different phenolic ecopounds on lipid
oxidation in different systems

During the past decade, plant-derived substances &i#racted a great
deal of attention mainly for their ability to favdood preservation (Lugast al.,
2007). Several studies have been focused on thevea®le of plant polyphenols as
free radical scavengers and to control microbialgn and extend the shelf life of
various food systems. Besides their antimicrobiald aantioxidant activities,
polyphenols may inhibit some enzymes that intenfsifd alteration (Banerjee, 2006).
Antioxidant action is dependent on the ability dfepolics to scavenge free radicals
and/or to chelate metals (Galati al., 2006 ). Fe binds to polyphenols via the ortho
dihydroxy (catechol) or trihydroxy-benzene (gallogtoup. Tannins can also produce
complexes with F& [(Fe™) .-tannic acid] (Lopet al., 1999). Thus, availability of
Fe, which acts as a pro-oxidant in the lipid canteg food can be reduced (Lopets
al., 1999). Flavonoids are reported to act as a pealeatitioxidants in food lipid

systems (Wanasundara and Shahidi, 1994). The igHeess of flavonoids in
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retarding lipid oxidation is related to their fresdical scavenging activity (Jovanovic
et al.,1994) or metal-chelating activity (Ramanathan Bagd, 1993). Three structural
groups are important determinants for radical-segvegy activity: theortho-dihydroxy
structure in the B-ring, as well as the 2, 3 dodim&d in conjugation with a 4-oxo
function in the C-ring (Bor®t al., 1990). Flavonoids form binding complexes with
metal ions by the 3- or 5-hydroxyl and 4-ketosuhbstits or hydroxyl groups iortho
position in B-ring. All flavonoids (myricetin, questin, kaemferol, rutin and catechin)
acted as antioxidants on oxidation of methyl liatée Quercetin and myricetin
inhibited hydroperoxide formation better thaocopherol in methyl linoleate system.
Catechin and rutin are more effective antioxidant$ow density lipoprotein (LDL)
oxidation thana-tocopherol (Teissedret al., 1996). In refined palm oil, myricetin,
guercetin and kaemferol are more effective, bubramd catechin were weaker than
tocopherol. The antioxidant activity of flavonoids generally governed by their
chemical structures (Pekkarinen al., 1999). The antioxidant activity of flavonols
increased as the number of phenolic hydroxyl groupthe B-ring increased. The
positive relationship between increased hydroxgtatiand increased antioxidant
activity of flavonols was reported in differentiliipsystems, such as bulk oils (Shahidi
and Wanasundara, 1995; Wanasundara and Shahidd) E9®l liposome system
(Teissedreet al., 1996).

Crude oils contain natural antioxidants making themore stable
towards oxidation than refined oils where somehef natural antioxidants have been
removed during the refining process (Johnson, 2008 most preferable way to
reduce lipid oxidation in refined bulk oil is theldition of antioxidants (Naet al.,
2005), which has been intensively studied. As dised previously, theahtioxidant
polar paradoX is based on the theory that in oils with a lowfaoe-to-volume ratio
(bulk vegetable oils) polar antioxidants are mdfeative than non-polar antioxidants
because they have the ability to concentratecations where oxidative reactions are
the greatest (Chaiyasdt al., 2007). In contrast, in oils with high surface-tolwme
ratios (emulsified oils), non-polar antioxidants atrongly favored (Frankel, 2005;
Frankelet al.,1994; Porter, 1993; Huargg al., 1997). Phenolic antioxidants are more
effective in extending the induction period wherded to oil that has not been
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deteriorated to any great extent. However, they gmeffective in retarding
decomposition of already deteriorated lipids (Mallrcand Dugan, 1961). Thus,
antioxidants should be added to foodstuffs as emslyossible to achieve maximum
protection against oxidation (Coppen, 1983).

A wide range of plant polyphenolics have been eataldl and tested for
their antioxidant properties in unsaturated manone, meat and fish muscle model
systems (He and Shahidi, 1997; Wanasundara and idghat®98). Phenolic
compounds like caffeic acid, ferulic acid, tanngda etc. have proved to be efficient
antioxidants in different fish model systems. Caffacid was demonstrated to be
more active antioxidant than ferulic aagtoumaric acid for preventing lipid oxidation
of frozen minced horse mackerel white muscle dustagyages at —-10 and -18 °C
(Medina et al., 2009). The antioxidant effectiveness of two difféardamilies of
phenolic compounds, hydroxycinnamic acids and &a@tscin chilled minced horse
mackerel muscle was evaluated (Med#al.,2007). Among hydroxycinnamic acids,
10 ppm caffeic acid was highly effective in inhibg lipid oxidation in fish muscle.
Its antioxidant efficacy was similar to that of pyb gallate. Among all phenolic
compounds tested, catechin showed the highestxatditt activity. The efficacy in
prevention of lipid oxidation in fish muscle usibgth caffeic acid and catechin (10
and 100 ppm) increased with increasing concentratiedinaet al., 2007). The
capacity of hydroxycinnamic acids for donating &lees appears to play an important
role in retarding the development of rancidity ishf muscle. However, the ability of
hydroxycinnamic acids for chelating metal ions #ameir distribution between oil and
agueous phases were not correlated with their itoinjbactivities against oxidation
(Medinaet al., 2007). Caffeic acid showed high antioxidant eéfiray for preserving
fish muscle against oxidation and could signifibanthibit the off-flavour formation
and production of peroxides and TBARS (Medataal.,2007). The overall order of
antioxidant efficiency of hydroxycinnamic acids weaffeic acid > ferulic acid =
chlorogenic acid -coumaric acid. Thus, polyphenolic compound caactive retard

lipid oxidation in fish and fish based products.

Grape seed extract has been evaluated for itsxaddiove effect and

has been reported to improve the oxidative statmlitcooked beef (Ahet al.,2002),
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turkey patties and cooled stored turkey meat (Laa lding, 2003; Mielnicket al.,
2006). Phenolics antioxidants such as phenolics dsaci anthocyanidins,
proanthocyanidins, catechins and other flavonoigsewfound in grape antioxidant
dietary fiber (GADF) (Saura-Calixto, 1998). RecgnttADF had been successfully
used as an ingredient in minced fish (Sanchez-Alatsal., 2007) because GADF
exhibited relatively high antioxidant activity (Goand Serrano, 2005) and it may be
considered as antioxidant dietary fiber (Saurax@@li 1998). The extractable
polyphenols from the grape seed contained 21% futaholic compounds, which
consisted of catechins (46.8%), benzoic acids (16%gvonols (14%) and
anthocyanidins (16.2%) (Perez-Jimeretzal., 2008). When GADF was added, the
chicken hamburger meat resisted to the lipid oxaatnd showed lower values of
TBARS during the storage (Sayago-Ayerd al., 2009). The mechanism of the
protective effect of GADF on lipid oxidation is méy due to the presence of a
number of oligomer procyanidins in GADF, such ateclin and epicatechin (Yilmaz
and Toledo, 2004). Grape polyphenols have showectfeness in delaying lipid
oxidation in minced fatty fish muscle during frozetorage (Pazost al., 2005b) and
ability to preserve endogenous antioxidant systdike vitamin E) in fish muscle
(Pazoset al.,2005c). In addition, Sanchez-Alonsbal. (2007) reported that the high
levels of inhibition of lipid oxidation in mincedolnse mackerel during frozen storage
was achieved when red grape antioxidant DF was caddigid oxidation in the
different systems containing fish lipids includibglk oils, oil-in-water emulsions and
frozen fish muscle was retarded by the flavonoichgonents obtained from grape by-
products. The inhibition of oxidation in mackerelisgle was also achieved by natural
grape components (Pazesal., 2005b). Less conjugated hydroperoxides, dienes and
trienes were formed from PUFAs in samples with adddite grape dietary fiber
(WGDF) (2% and 4%) than in the control sample aveeriod of 6 months at —20 °C
(Sanchez-Alonscet al., 2008). Grape polyphenols could therefore be a pialen

source of antioxidants.

Cranberries are a good source of phenolic compoundsiding
flavonols, anthocyanins and proanthocyanidins (Gitead., 2001; Focet al., 2000).
The chloroform extract of cranberries was highlpiloitory on lipid oxidation in
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mechanically separated turkey (MST) at low lev€laercetin was largely responsible
for the inhibitory potency of the chloroform exttadhe amphiphilic nature of
guercetin should allow some of the quercetin tdifpam more effectively into the
membrane phospholipids, compared to less amplepbdmponents in the extract.
Apart from quercetin and glycosylated quercetimapthoanthocyanidins (PA) in
cranberry fraction could be found. Cranberry PA baen shown to inhibit Gli
induced oxidation in low density lipoproteins (LDIJPorteret al., 2001). The PA
were shown to bind to the lipoprotein which may lakpthe extended lag time prior
to CU*-induced LDL oxidation. Phenolic binding can physig orient the compound
for efficient free radical scavenging or block siten LDL, where copper needs to
bind. When compared to other flavonoids, querdegisi been shown to prolong the lag
time before the initiation of low density lipoprate(LDL) oxidation effectively
(Safari and Sheikh, 2003). Quercetin was able hdinlipid oxidation in marine oils
rich in PUFA (Wanasundara and Shahidi, 1998). htedtced cholesterol oxidation
can also be reduced by incorporation of 0.002% jwwercetin (Chiewt al.,2006).

Grateloupia filicinais used in Korea and Japan as a food source and it
antioxidant potential provides another benefitifsruse in different food formulations.
Seaweeds have different bioactive compounds, whach known to possess
antioxidative activity in different food systemsddition of the algal extracts to the
reaction medium clearly slowed the rate of peroXmlenation.Grateloupia filicina
extracts effectively scavenged various reactive gexy species and inhibited
peroxidation of linoleic acid (Athukoralet al, 2003). The algal extract was able to
protect the oil from oxidation as reflected by I0WBARS formation (Athukoralat
al., 2003). Yan (1996)eported thaSargassum kjellmanianucontained phlorotannin
(brown algal phenols) which could prevent oxidatioh fish oil. Algal genus
Cysfoseira is a rich source of tetraprenyltoluglgnavhich area-tocopherol like
compounds (Rubertet al., 2001). In addition, seaweeds contained vitamins and
vitamin precursors, including a-tocopherol (Jend€9),3-carotene, niacin, thiamin,

and ascorbic acid (Jensen, 1972).

The quince extract, mainly consisted of procyaniinlimer (50.8%)
and hydroxycinnamic acids (36.62%) was found to ngbe 2,2-diphenyl-1-
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picrylhydrazyl radicals by nearly 59.3% (Fattowathal.,2008). As deduced from the
lower peroxide value of the fillet fat fraction attte inhibition of thiobarbituric acid
reactive substances formation, the quince ext@& £ 0.4 mg phenolics/ml) was
found to prevent fish oil from oxidative deteriocgt compared to control samples
(Fattouchet al.,2008). Medineet al. (2007) evaluated the reducing power of a range
of pure polyphenols and reported that their dogaéilectrons capacity seems to play

the most significant role in retarding the devel@mtof rancidity in fish muscle.

Tannins and tannin derivatives such as gallic acid ellagic acid are
commonly found in higher herbaceous and woody plébabieniec and Gabryelak,
2006). Tannic acid is a water-soluble polyphenahtaming sugar esters, mainly
glucose, and phenol carboxylic acids, such ascgatlid, hexahydroxydiphenic acid,
or its stable dilactone ellagic acid (Labieniec #&babryelak, 2006; Rodriguet al.,
2008). Hydrolyzable tannins such as tannic acid epidiallocatechin gallate have
been reported to have natural antioxidant, antmbiad, and antiviral activities
(Akiyama et al., 2001). Tannic acid has been well-described asmandigenic
and antioxidant compound. The antioxidant actigityannic acid has been previously
attributed to its capacity to form a complex witbn ions, interfering with the Fenton
reaction (Lopest al., 1999). Lopeset al. (1999) found that tannic acid is able to
reduce Fe(lll) to Fe(ll) (by means of the Fe(lljlicator ferrozine). As an antioxidant
compounds, tannic acid was also shown to prevend loxidation and radical-
mediated DNA cleavage by scavenging oxygen and enygerived radicals (Khagt
al., 2000). Tannic acid is able to prevent Ogkneration and 2-deoxyribose oxidative
damage induced by Fenton reagents by forming &Feomplex (Lope<t al.,1999).
The antioxidant action of tannic acid was similarthose of deferoxamine mesylate
(DFO), EDTA, pyridoxal isonicotinoyl hydrazonéPIH), and ellagic acid The
mechanism of tannic acid as antioxidant is dueudI chelation, forming a copper—
tannic acid complex that is less active in the ip@ation of oxyradical formation
(Andrade Jet al.,2005). Lopest al.(1999) also reported an OHapping activity of
the iron complex with tannic acid. Sanchez-Morenal. (1999) reported that tannic
acid showed much stronger activity in the inhibitiof lipid oxidation than BHA,

guercetinpL-a-tocopherol, and caffeic acid. Tannic acid dranadlycincreased the
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induction time of soybean oil oxidation. Khagt al. (2000) reported that the
antioxidant property appears to be related to tlmaber of hydroxyls on the tannic
acid, while gallic acid and its structural analogueere found to be non-inhibitory or
partially inhibitory on hydroxyl radical and singl®xygen mediated cleavage of
plasmid DNA.

Tannins are polyphenolic compounds commonly ogegiin the barks,
woods and fruits of many kinds of plants. Extractiof tannins from the bark of
different trees was carried out (Yazaki and Co]lii®94). Kiam Cotylelobium
lanceotatum craiptrees are very common in the southern part ofldihd. Pieces of
wood from the kiam tree have been traditionallysalged in sugar palm sap to
prevent or retard microbial fermentation (Chanthexhand Beuchat, 1997). Balange
and Benjakul (2009) reported that tannic acid (856g/kg) was found as the major
component of the kiam wood extract. Thus, kiam weatract can be used as an
natural source of tannic acid for preventing limgidation in the fish and fishery
products.

1.2.9.3 Lipid oxidation in emulsion sausages

Emulsion sausage has been popular due to its tatdepaste and high
nutritional value. Emulsion sausages, such as fuatgt, are widely consumed in both
Western and Asian countries. A product is typicaligde of beef, or beef and pork, or
chicken and has the fat content of 25—-30%. Fistcenand surimi have recently been
used as a raw material for emulsion sausage priody@articularly in Asian countries
(Konno, 2005). Fortification of 3-n PUFA to theHisausage could be an alternative
means to improve its fat quality and to increas& RUFA consumption among the
consumers. However, one of the main problems i fegpplemented with marine
fish oil is their high susceptibility to oxidatiorAlthough lipid hydroperoxide are
tasteless and odourless, the secondary oxidatiodupts are responsible for the
changes in aroma and flavour (Frankel, 1991). Qiidadeterioration is also related
to the adverse changes in texture, appearancenantional value (Min and Boff,
2002). Due to high susceptibility towards oxidatioh fish oil, the enriched food

products should be stored not over long periodsnaé, unless under special storage
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conditions and in a special type of packing, esglgcavoiding an exposure to air.
Otherwise the desirable n-3 PUFA may easily tramsfimto toxic peroxides and other
by-products of lipid oxidation could promote qualdeterioration (Kolanowski and
Laufenberg, 2006). The introduction of natural fimeal ingredients such as
botanicals, plant extracts, seaweeds and wheyipsoteth biological activity into
processed meat products is receiving abundanttiatte(Calvo et al., 2008). Plant-
derived ingredients possessing antioxidant andmeerbbial properties have the
advantage of being readily accepted by consumershey are considered natural.
Natural ingredients such as lutein, sesamol, @lagid, tannins, and leaf extract are
natural active compounds exhibiting a variety afitgical activities, including potent
antioxidant effects (Ezdihaet al., 2006; Bouazizet al., 2008) and antimicrobial
properties (Micokt al.,2005).

Phenolic compounds from natural sources have temmtly applied in
the sausages to prevent the lipid oxidation duniefyigerated storage. Addition
of sesamol, ellagic acid and olive leaf extract dosd lipid oxidationin raw and
cooked pork sausages packed in air and under raddifimospheric packaging (80%
0O,: 20% CQand 70% N : 30% CQ) during refrigerated storage (Hayes al.,
2011). Those phenolic compounds displayed theosndttive activity in the
following order: sesamol 25Q.g/g > ellagic acid 300ug/g > olive leaf extracts
200ug/g > lutein 200ug/g for both raw and cooked pork sausages (H&yesl.,
2011). Hayeset al. (2011) also reported thaddition of lutein, sesamol, ellagic
acid and olive leaf extract had no detrimental atffen pH, cooking losses, TVCs,
tenderness, juiciness, texture or flavour. Themfdutein, sesamol, ellagic acid and
olive leaf extract were effective as natural fuotl ingredients in suppressing lipid
oxidation and have the potential to be incorporated functional raw and cooked

pork sausages (Hayesal.,2011).

Herbs and spices are traditionally used as fogdettients because of
their antioxidant properties. Carnosol, rosmariaied carnosic acids in rosemary
(Rosmarinus officinalit.) and oregano leaveOfiganum vulgard..) have been

screened for their preventive effect on the oxatatnd colour of model pork batters
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(Hernandez-Hernandeet al., 2009). Rosemary extracts showed higher antioxidant
activity possibly due to the presence of high caotregions of carnosic acid,
carnosol and unidentified active compounds. Howestranol oregano extracts
containing high concentrations of phenols, maiogmarinic acid, efficiently
prevented colour deterioration. The antioxidanéeffof the studied extracts depends,
not only on the concentration of phenol compoundsrosnarinic
acid, carnosol and carnosic acid), but also onettteaction method and solvent used
(Hernandez-Hernandex al.,2009).

Green tea catechins (GTC) and green coffee anaoxidGCA)
demonstrated the preventive effective on lipid akimh of fish oil containing pork
sausages (raw and cooked) during refrigeratedggarader air and under MAP (80%
0,2:20% CQ and 70% N : 30% CQ) (Valenciaet al., 2008). The inclusion of GTC
(200 mg/kg) in fish oil containing sausages (FGT@)2significantly reduced the
extent of lipid oxidation after 7 days of storad&abilisation of fish oil against
oxidation with GTC was previously reported by O'l&an et al. (2005). Joet al.
(2003) also reported that green tea extract redlpetoxidation in raw and cooked

pork patties.

Natural pigments such as norbixin (NOR), lycapényC),
zeaxanthin (ZEA)B-carotene (CAR) or dextrose (used as a control (C@é&fe used
to replace sodium erythorbate (NaEry), a synthetmmpound applied as an
antioxidant in sausage formulations (Mercadaettal., 2010). All pigments used in
the sausage formulations were able to maintairodigative stability of the sausages
(MDA equivalents <0.38 mg/kg). Zeaxanthin and noirbivere the most efficient
antioxidants of those tested. This antioxidant affemight be associated with the
intermediate polarities of these two compounds, ctvhivould allow them to
concentrate in the membrane lipids or emulsionriate, where lipid oxidation most
likely takes place (Mercadang al.,2010).

Orange dietary fibre (ODF) (1%) and oregano esaewil (0.02%)

(OEO) were comparatively studied for their anti@tide activity in bologna sausages
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packed under vacuum, air and modified atmosphed@o (8L and 20% C@) during
refrigerated storage (Viuda-Mart@t al., 2010). Samples treated with ODF + OEO
stored in vacuum packaging showed the lowest TBARSBes. ODF + OEO samples
stored in vacuum packaging showed the lowest aeral lactic acid bacteria count
(Viuda-Martoset al., 2010). At day 6, the lowest oxidation values wienend in the
ODF + OEO samples packed in vacuum and MAP samplesagents responsible for
the antioxidant activity in both orange fiber amégano essential oil are the bioactive
compounds, mainly, polyphenols (Viuda-Martes al., 2010). The effect of the
polyphenols contained in citrus fiber on lipid oxidn in both meat and fish-based
products has been investigated (Sanchez-Zagiat., 2009; Viuda-Martoset al.,
2008).

1.2.10 Modified atmospheric packaging (MAP)

Modified atmosphere packaging (MAP) is the remowahd/or
replacement of the atmosphere surrounding the ptdzkfore sealing in vapor-barrier
materials (McMillin, 2008). MAP can be vacuum pagkay (VP), which removes
most of the air before the product is enclosedarriér materials, or forms of gas
replacement, where air is removed by vacuum ohihgsand replaced with another
gas mixture before packaging sealing in barrier emas. MAP has become
increasingly popular as a method of food presemmatshelf-life of the fish and fish
products has been successfully extended by MAPtl{atinand Hotchkiss, 1986). The
shelf-life increased as a result of lag phase ext@enof several aerobic spoilage
bacteria (Pastorizet al.,1996). The rapid growth of MAP technology for mestion
of fish products is due to a number of interreldimrtors such as (1) development on
new polymeric high-barrier packaging materials; €2)ended market area for product
with fresh characteristics; (3) consumer concebwutpreservation additives in such
products; and (4) favorable consumer perceptioMAP technology (Ashieet al.,
1996). It is well known that a modified atmosphef@A) with high CQO,
concentrations increases shelf-life, compared sttirage under air (Reddst al.,
1995; Pastorizat al.,1998). Modified atmospheres are commonly compdseligh
percentages of CQand N, and low levels of @ High CQ concentrations coupled

with low O, levels inhibit the growth of many spoilage ba@ghowever, the presence
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of O, has been demonstrated to slow the reduction mkthylamine oxide (TMAO)

to trimethylamine (TMA), delaying the formation off-odors (Boskou and Debevere,
1997). The MAP protects products against detenaatffects (which may include
discoloration, off-flavor and off-odor developmemiytrient loss, texture changes,

pathogenicity, and other measurable factors (Skabettal.,1994; Yamet al.,2005).

MAP has been used with various types of produckseresthe mixture
of gases in the package depends on the type ofugiogackaging materials and
storage temperature. Meat and fish need very lesvpgameability films, so for non-
respiring products (meat, fish, cheese etc.), bigiier films are used. The shelf-life
increased as a result of lag phase extension @&raleserobic spoilage bacteria and
retardation of enzymatic spoilage (Aslae al., 1996). Shelf-life of fish under GO
atmosphere storage could be extended (DebevereBasHdon, 1996). Bacterial
spoilage in refrigerated fish under aerobic storagadition is caused by Gram-
negative psychrotrophic organisms such Pseudomonaspp., Alteromonasspp.,
Shewanellaspp. andFlavobacteriumspp (Hobbs, 1991). The spoilage flora is
effectively inhibited by atmosphere enriched wie2 or higher C@ concentration
(Lopez-Galvezt al., 1995). Ordoneet al. (2000) reported that the shelf-life of hake
packaged in 40% CfQatmosphere could be extended for more than 14 aiag8C.
Therefore, C@enriched atmosphere has been increasingly usethéodistribution
and storage of seafood. Several methods can betaseddify atmosphere such as

vacuum packaging, gas packaging and atmospheridierod

1.2.10.1 Vacuum packaging

Vacuum packaging is used extensively for shedf-léxtension and
keeping quality of fresh and processed fish. Thadpet is placed in a low-oxygen
permeability package. Air is removed under vacuumch the package is sealed. Under
condition of a good vacuum, headspacei©reduced to less than 1%, while £O
produced from tissue and microbial respiration évally increases to 10-20% within
the package headspace. This condition, that iOp@and elevated C{evels, extends
the shelf-life of fresh fish by inhibiting the grttw of aerobic spoilage
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microorganisms, particularlfPseudomonaspp. andAeromonasspp. (Ashieet al.,
1996).

1.2.10.2 Gas packaging

Gas packaging is simply an extension of vacuunkagiog technology
and involves the evacuation of air, followed by iidd of the appropriate gas
mixture. Gases commonly used in gas package ar&MNand CQ (Oberlendeet al.,
1983). Each gas plays a distinct and specific lI&AP of food system. Nis an
inert gas that has no effect of food system andnmaantimicrobial properties. It is
used mainly as a filler to prevent package collapgaoducts that can absorb €@
can also be used to replace i@ dried, high-fat products with low Aw to prevent
chemical spoilage, e.g. oxidative rancidity probderatc. Q is generally avoided in
gas packaging mixtures for high fat fish. Howevér,may be used in low
concentration in both high and low fat fish produts prevent anaerobic conditions
and limit growth of potentially harmful anaerobespeciallyClostridium botulinum.
CQO; is the most important gas in the mixture. It ishbbacteriostatic and fungistatic
effect. It is also highly soluble in water and fathere it forms carbonic acid. The
bicarbonate ion, a dissociation product, changdk peErmeability, and affected
metabolic processes. According to this theorydBpn the cell membrane are shifted,
changing the interface with the external agueowsr@mment (Statham, 1984). The
carbonic acid may lower pH, resulting in slightviba changes in fish, and its

absorption by the products may also cause paclka@zpse (Ashieet al.,1996).
1.2.10.3 Atmospheric modifier

Suitable atmosphere modifier may be used to provite desired
headspace atmosphere inside the package. The ereddommercially available
include Q absorber or scavengers, and ethanol generatore(8shl., 1996). Most of
the technologies used in the manufacture of theiffreoavere originated in Japan and
the materials had been used in that country forynyaars before their introduction in

the world.
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1.2.10.4 Effect of MAP on preservation of fish anéish products

Modified atmosphere packaging (MAP) is widely usasda supplement
to ice or refrigeration to delay spoilage and edtehe shelf-life of fresh fishery
products (Masniyonet al., 2002). Seafood is highly perishable due to its lgtito
enzymes and post-mortem pH changes that favorreaeowth (Church and Parson,
1995). It is traditionally stored under refrigecatiin air, which gives a shelf-life
ranging from 2 to 10 days, depending upon spediasyest location and season
(Stammeret al.,1990). The use of gas packaging, especially edev@0Q levels, has
been shown to inhibit normal spoilage bacteria uditlg Pseudomonasspp.,
Alteromonasspp., Shewanellaspp., Moraxella spp., andAcinetobacter sppin fish
from cold water. Thus, CQOatmosphere could extend the shelf-life by two loeé¢
folds (Stammeret al., 1990). MAP, through the biostatic activity of g@nhibits the
growth of wide range of spoilage microorganismsesghinclude some pathogens such
as Staphylococcus aureusSalmonella spp., Enterobacteriaceaesuch asYersina
enterocoliticaand Escherichia coli However, the effectiveness of g@hibition is
strongly related to storage temperature (Stameteal., 1990). Refrigerated seabass
pretreated with polyphosphate and kept under MARPA&EQ, 10% N and 10% Q)
had the lowest mesophilic bacterial count, espigciahen kept for a longer time
(P<0.05) (Masniyomet al., 2005). Mesophilic bacterial counts of samplesrpeged
with phosphate and kept under MAP increased marelglthan those stored under
MAP without phosphate pretreatment, indicating tphbsphates might show the
synergistic effect on the retardation of bactegi@wth in the sample kept under MAP
(Masniyomet al., 2005). However, the higher increase in TBARS valas observed
in seabass slices stored under MAP, compared Witbet stored in air (Masniyoet
al., 2005). This was probably because carbonic acidndédr might induce the
denaturation of muscle proteins, leading to theas of free haem iron, a potential
pro-oxidant in the muscle system. At high contdn€0, (80%), carbonic acid formed
in muscle probably caused the inactivation of addiative enzymes, e.g. gluthathione
peroxidase, resulting in the higher oxidation ine tmuscle (Renerreet al.,
1996). Therefore, C&enriched packaging effectively inhibited the spgé caused by
microorganisms, but it could not prevent the chamdeterioration, especially lipid
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oxidation. Thus, the treatment with natural anti@axit like phenolic compounds could
show synergistic effect in retardation of lipid dation of fish products kept under
MAP. Refrigerated perch, sea trout, croaker ane fikh packed with COhad a 45-
55% increase in stability, mainly due to an extensin the lag phase of
psychrotrophic organisms and their reduced grovete iin the logarithmic phase
(Grayet al.,1983). Fillets of trevallaHyperoglyphe poroggpacked in 100% Cg£had

a shelf-life of 8 to 16 days longer at 4 °C thaosth stored under aerobic condition
(Statham and Bremner, 1985). Lannelongtieal. (1982) found that the inhibitory
effect of CQ on psychrotrophic, aerobic gram-negative spoilzayeria in sword fish
steak was proportional to the g@nsion in the packages. Maximum inhibition of
growth was achieved with 100% GHetero-fermentative_actobacillusspp. became
a dominant part of the microflora of steaks stonedCO, enriched atmospheres.
Growth of aerobic and anaerobic bacteria was slowesardines packed under 80%
CO, and 20% M. Initial microflora were predominantlibrionaceae Moraxellaand
Acinetobacterin the sardine, while microflora on sardine stovedler 20% C@and
80% N, were predominantlyactobacillusand $reptococcusMicroflora on sardine
stored for 10 days under 80% &é&nhd 20 % N2 was predominantly unidentifiable
coccias well adactobacillusspp. and 8eptococcusspp (Fujii et al., 1990). Reddy
et al. (1995) studied the shelf-life of MAP fresh tilapi@lets stored under
refrigeration and temperature abuse conditions. filleés packaged under 100% air
had the shelf life of 9-13 days at a storage teatpez of 4 °C, but decreased to 3-6
days at 6 °C. However, the shelf-life of MAP filledtored at 4 °C increased to 25 days
when the lag phase and generation time of the bactere extended. Pastorigaal.
(1996) found that packaging under medium to high, €OGncentration had some
bacteriostatic effect on hake slice, prolongingrtisaelf-life to 3 weeks whereas air
stored hake was sensorially rejected after 7 daysed storage. Lopez-Galvext al.
(1998) found that the growth of microorganism imestillets was inhibited by higher
CO, concentration (40%) with formation of lactic aadter 1 day of storage. The
formation of TMA and other basic volatile was d@dyby the use of CQOand the
effect was higher in the 40% G@tmosphere than in the 20% £@mosphere.
Dhananjaya and Stroud (1994) reported that a @GN, (60:20:20) mixture was more
effective than CQO,:N, (40:30:30) gas mixture in extending the shelf-tifdhaddock
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fillets stored in MAP. Therefore, the shelf-life figh slices packed in CCenriched

atmospheres could be extended more effectively tthetrpacked in air.

Mussels Kytilus galloprovinciali3 packaged in two modified
atmospheres (MAP 1: 60% GR0% N/20% G and MAP 2: 60% C&40% N,) and
under vacuum (VP) showed different quality. Betjeality retention and greater shelf
life of mussels packaged under MAP 1 was obtaireedoanpared to MAP 2 and VP
samples (Goulas, 2008). The 2- thiobarbituric g@¢iBA) values of MAP 1 and air
samples were signifi cantly higher than those of affel MAP 2 samples. MAP 1
showed a greater inhibition effect on total viabteunt of mussel samples than all
other packagings. Based primarily on odour scotfes, MAP 1 samples remained
acceptable up to 10-11 days, whereas, the MAP 2/&ncbuld maintain their quality
up to 7-8 days. Air-packaged samples had the distelf-life (5-6 days) (Goulas,
2008).

Fresh Atlantic salmon fillets superchilled (-2 °@&)d MA (CQ:N;

60:40) packaged maintained a good quality with igégé microbial growth (<1000
colony-forming units [CFU]/g) for more than 24 dalgased on both sensory and
microbial analyses (aerobic plate coungSHbroducing, and psychrotrophic bacteria)
(Sivertsvik et al., 2003). Superchilled salmon stored in air had a Zknsory shelf
life, whereas MA and air-stored fillets at chilleed °C) conditions were spoiled after
10 d and 7 d, respectively. Modified atmosphere supkerchilled conditions extended
the shelf life of salmon fillets, and when combinadsynergistic effect was observed
giving an additional effect. This was probably adidy increased dissolvement of
CQO, at the superchilled temperature. The combinatiddA and superchilling gave a
product of high quality in 24 day of storage withmast total bacterial growth
inhibition.

The spoilage of chub mackerel stored under MAPA%D0,/50% N)
was delayed, compared with those samples storedr wztuum or in air (Stamatis
and Arkoudelos, 2007). Based on sensory evaluatlosm,MAP samples remained
acceptable until day 12 and 10, the VP samplesimatacceptable until day 10 and
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8, while the air packaged chub mackerel samplesiread acceptable until day 8 and
7 of storage at 3 and 6 °C, respectively (StanzetsArkoudelos, 2007).

Pre-rigor fillets of Atlantic salmon packed in @r under MAP (60%
CO/40% Ny) with a CQ emitter had significantly lower bacterial growttompared
to fillets stored in air (Hansest al.,2009). MAP superchilled bottom fillets had lower
bacterial counts, compared to the correspondintiedhiillets (Hanseret al., 2009).
Combining short-term superchilling and MAP with @£{=mitter prolonged the shelf-
life of pre-rigor salmon fillets.

Fresh eelAnguilla anguillg received acceptable sensory scores during
the first 11+1 days of storage in atmospheric Hit;1 days of storage in vacuum and
18+1 days of storage in MAP (40% (0% N and 30% @) at 0 °C. Using the
microbial quality indicators, the shelf life of g@hcked in air, vacuum and MAP was
estimated to be approximately 18, 28 and 34 daspectively (Arkoudelosat al.,
2007).

1.3 Objectives of study

1. To determinein-vitro antioxidative and lipoxygenase inhibitory
activities of different phenolic compounds.

2. To investigate the impact of different phenotompounds in

prevention of lipid oxidation indifferent model systems.

3. To study the synergistic effect of selected phiencompounds in
combination with modified atmospheric package (MAR)lipid oxidation and quality

of striped catfish slices during refrigerated stara

4. To study the effect of pH and sources of haeotngl on lipid
oxidation of washed fish mince.
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5. To investigate the effect of selected phenolampounds on
haemoglobin mediated lipid oxidation of washed fisimce added without and with

fish oil.

6. To determine the effect of natural extract cmimg phenolic

compounds on lipid oxidation of different model tgyss.

7. To elucidate the preventive effect of seleqibdnolic compounds
and natural extracts on lipid oxidation of fish dsmn sausage during refrigerated

storage.



CHAPTER 2

COMPARATIVE STUDIES OF FOUR DIFFERENT PHENOLIC
COMPOUNDS ONIN VITRO ANTIOXIDATIVE ACTIVITY
AND THE PREVENTIVE EFFECT ON LIPID OXIDATION

OF FISH OIL EMULSION AND FISH MINCE

2.1 Abstract

Antioxidative activities of different phenolic compnds (catechin,
caffeic acid, ferulic acid and tannic acid) at wvas levels were determined by
different assays. Among all the phenolic compouled$ed, tannic acid exhibited the
highest 2,2-diphenyl-1-picryl hydrazyl (DPPH) and ,2-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) radisgavenging activities and ferric
reducing antioxidant power (FRAP). Neverthelessechin showed the highest metal
chelating activity (P<0.05), whereas caffeic acadl hthe highest lipoxygenase (LOX)
inhibitory activity (P<0.05). Impact of differenthpnolic compounds at a level of
100mg/l on lipid oxidation of menhaden oil-in-watemulsion and mackerel mince
was investigated. Tannic acid showed the high#gtaey in retardation of lipid
oxidation for both model systems as evidenced leylthwer peroxide value (PV),
conjugated diene (CD) and thiobarbituric acid rneacsubstances (TBARS) values.
This was also related with the lower non-haem icontent in tannic acid treated
samples. Tannic acid was therefore considered as ntlost potential natural
antioxidant for controlling oxidation of fish oilHwater emulsion and fish mince,

whereas ferulic acid seemed to possess the lowaatmtive effect on lipid oxidation.
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2.2 Introduction

Fatty fish species are considered to be of gretitional importance.
This is mainly due to their naturally high conteftessential n-3 polyunsaturated fatty
acids (PUFAs) such as eicosapentaenoic acid (2aGn&)docosahexaenoic acid (22:
6). These fatty acids have been shown to have paltéenefits for human health (Lee
and Lip, 2003). Nevertheless, they are susceptiblexidation, which is associated
with the rancidity and loss in nutritive value (BElsiand Kinsella, 1989; Frankel,
1998a). Apart from high amounts of PUFAs, the pneseof haem pigments and trace
amounts of metallic ions makes the fish, especidditk flesh fatty fish, prone to lipid
oxidation (Hsieh and Kinsella, 1989). To retard rsug quality loss, synthetic
antioxidants have been used to decrease lipid bardaluring the processing and
storage of fish and fish products (Bogt al., 1993). However, the use of synthetic
antioxidants has raised questions regarding fodetysand toxicity (Changet al.,
1977). The use of natural antioxidants is emergagn effective methodology for
controlling rancidity and limiting its deleteriousonsequences. Natural phenolic
compounds with antioxidant activity such as rosgnextract, tea catechin, tannins,

etc. have been gaining an increasing attentiortaltieeir safety (Frankel, 1998b).

Phenolic compounds are bioactive substances widelyibuted in
plants and are important constituents of the hudiah Plant phenolics comprise a
great diversity of compounds, such as flavonoidgh@cyanins, flavonols, flavones,
etc.) and several classes of non-flavonoids (phenatids, lignins, stilbenes)
(Harborne, 1989). Phenolic compounds vary in stmgcand the number of hydroxyl
groups (Fig. 5), leading to the variation in thamtioxidative activity. In general,
phenolic compounds play a role as antioxidantsuinodifferent mechanisms of
action, such as scavenging of free radicals (Arntoloet al., 2002), quenching of
reactive oxygen species, inhibition of oxidativeymnes (Edenharder and Grunhage,
2003), chelation of transition metals or througteraction with biomembranes (Liao
and Yin, 2000). Therefore, these compounds hava beesidered as the promising
candidates as potential protectors against foodlatxin and biological aging of
tissues. Although the single phenolic compound Hasen proved as antioxidant, no

comparative studies have been conducted among fitea®olic compounds, which
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possess different molecular properties, mode abmgctstability etc. Additionally,
different phenolic compounds may act as antioxslattvarying degrees in different
food systems, depending on the polarity and moéecaharacteristics. Hydrophilic
antioxidants could prevent the oxidation of bulk @vhile hydrophobic counterpart
effectively retards lipid oxidation in oil-in-wat@mulsion (Frankel, 1998b). Thus, the
present study aimed to determinevitro antioxidative activities of different phenolic
compounds (catechin, caffeic acid, ferulic acid tarthic acid) and to investigate their
preventive effect on lipid oxidation of menhadehiwmiwater emulsion and mackerel

mince during extended storage.
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Figure 5. Structures of four phenolic compounds a) catech)ncaffeic acid, c)
ferulic acid and d) tannic acid.
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2.3 Materials and methods

2.3.1 Chemicals and fish oil

Catechin, tannic acid, 2,2-azino-bis(3-ethylbenzatbline-6-sulfonic
acid) diammonium salt (ABTS), 6-hydroxy-2,5,7,8#mhethylchroman-2-carboxylic
acid (Trolox), 2,2-diphenyl-1-picryl hydrazyl (DPPH linoleic acid, soybean
lipoxygenase-1 (EC 1.13.11.12, type 1), thioglycohcid, bathophenanthroline
disulfonic acid, ferrozine and menhaden oil werechased from Sigma Chemical Co.
(St. Louis, MO, USA). Sodium chloride, anhydrouslison sulfate, potassium iodide,
trichloroacetic acid, iron standard solution, ethlaand methanol were obtained from
Merck (Damstadt, Germany). Caffeic acid, ferulicida disodium hydrogen
phosphate, 2-thiobarbituric acid, 2,4,6-tripyridytriazine (TPTZ), ferric chloride
hexahydrate and potassium persulfate were procén@d Fluka Chemical Co.
(Buchs, Switzerland). Chloroform was purchased frdmab-Scan (Bangkok,
Thailand).

2.3.2 Comparative study onin vitro antioxidative activity of different
phenolic compounds

Four phenolic compounds including catechin, cafta, ferulic acid
and tannic acid were comparatively determined f@irtantioxidative activities by
differentin vitro assays. Prior to assay, phenolic compounds weledadith distilled
water and the mixtures were adjusted to pH 8-9gu2iM NaOH until the compounds
were completely dissolved. Thereafter, the obtaiseldtion were adjusted to pH 7

using 2 N HCI and subjected to the assays for rid#bive activities.

2.3.2.1 DPPH radical scavenging activity

DPPH radical scavenging activity was determinedesscribed by Wu
et al. (2003) with a slight modification. Sample (1.5 miith the concentration range
of 0.5-10 mg/l was added with 1.5 ml of 0.15 mM -@8ighenyl-1-picryl hydrazyl
(DPPH) in 95% ethanol. The mixture was mixed vigmty and allowed to stand at

room temperature in dark for 30 min. The absorbavfcthe resulting solution was



58

measured at 517 nm using a UV-1601 spectrophoton{®emadzu, Kyoto, Japan).
Sample blank at each concentration was prepardtieinrsame manner except that
ethanol was used instead of DPPH solution. A stahdarve was prepared using
Trolox in the range of 10—-60M. The activity was calculated after the samplenkla
substraction and expressed asol Trolox equivalents (TE)/ml of phenolic

compound.
2.3.2.2 ABTS radical scavenging activity

ABTS radical scavenging activity was assayed astipermethod of
Arnao et al. (2001) with a slight modification. The stock sotuts included 7.4 mM
ABTS solution and 2.6 mM potassium persulphatetgniu The working solution was
prepared by mixing the two stock solutions in equadntities and allowing them to
react for 12 h at room temperature in dark. Theitsm was then diluted by mixing
1 ml ABTS solution with 50 ml methanol in order tbtain an absorbance of
1.1 £ 0.02 units at 734 nm using a UV-1601 spetiobpmeter. Fresh ABTS solution
was prepared for each assay. Sample (@pWith the concentration range of 0.5-10
mg/l was mixed with 2850l of ABTS solution and the mixture was left at room
temperature for 2 h in dark. The absorbance was theasured at 734 nm using the
spectrophotometer. Sample blank at each concemtratas prepared in the same
manner except that methanol was used instead ofSA®Iution. A standard curve of
Trolox ranging from 50 to 600M was prepared. The activity was expressedras|

Trolox equivalents (TE)/ml of phenolic compound.
2.3.2.3 FRAP(Ferric reducing antioxidant power)

FRAP was assayed according to Benzie and Straif6j195tock
solutions included 300 mM acetate buffer (pH 31&),mM TPTZ (2,4,6-tripyridyl-
triazine) solution in 40 mM HCI, and 20 mM Fg@H,O solution. A working
solution was prepared freshly by mixing 25 ml oktate buffer, 2.5 ml of TPTZ
solution and 2.5 ml of Fegl6H,O solution. The mixed solution was incubated at
37 °C for 30 min in a water bath (Memmert, D-91136hwabach, Germany) and was

referred to as FRAP solution. A sample (1&60with the concentration range of 0.5-
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10 mg/l was mixed with 2850 of FRAP solution and kept for 30 min in dark abm
temperature. The ferrous tripyridyltriazine complewloured product) was measured
by reading the absorbance at 593 nm. Sample blankaeh concentration was
prepared by omitting Fe€from FRAP solution and distilled water was usestead.
The standard curve was prepared using Trolox raniom 50 to 60Q@M. The

activity was expressed amol Trolox equivalents (TE)/ml of phenolic compound
2.3.2.4 Metal chelating activity on ferrous ions (")

The chelating activity towards Fewas measured by the method of
Boyer and McCleary (1987) with a slight modificatioSample (4.7 ml) with the
concentration ranging from 100 to 200 mg/l was mixégth 0.1 ml of 2 mM FeGl
and 0.2 ml of 5 mM ferrozine. The reaction mixtwas allowed to stand for 20 min at
room temperature. The absorbance was then rea@Ratrb. The blank was prepared
in the same manner except that distilled water wsesl instead of the sample. For
sample blank at each concentration, EeGlution was excluded and distilled water
was used instead. The chelating activity after darnlank substraction was calculated

as follows:
Metal chelating activity (%) = {(Avanic A sampid/A blanid X 100
where, AsampieiS the absorbance of the sample angh#is the absorbance of blank.

2.3.3 Comparative study on lipoxygenase inhibitoryactivity of different

phenolic compounds

The enzyme assay was performed as previously expdry Ha and
Kubo (2005) with a slight modification. To studyethnhibitory activity towards
soybean lipoxygenase, 10 pul of different phenoliompounds at various
concentrations (10, 25, 50 and 100 mg/l) was mw&t 20 pl of 0.1 M sodium
borate buffer solution (pH 9.0) containing lipoxygse (0.521M). The mixtures were
allowed to stand at 25° C for 10 min, followed by taddition of 2.97 ml of 0.1 M
sodium borate buffer (pH 9.0). To initiate theatgan, 30 pl of 3 mM linoleic acid
were added. The resultant solution was mixed welid the linear increase of
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absorbance at 234 nm was measured after 5 min. uditeof lipoxygenase was
defined as the increase in 0.1 unit of absorbaric234 nm/min. The percentage

inhibition was calculated as follows:

Lipoxygenase inhibition (%) = {(A— A1)/Ac} x 100
where, A is the activity without inhibitor and Ais the activity in the presence
of inhibitor (Banerjeeet al.,2002).

2.3.4 Comparative study of different phenolic compoands in prevention

of lipid oxidation in fish oil-in-water emulsion and fish mince

2.3.4.1 Preparation of oil-in-water emulsion

Oil in water emulsions (250 ml) were prepared bynbgenising 25 ml
of menhaden oil with 225 ml 0.1 M acetate buffeH (p.4) containing different
phenolic compounds (100 mg/l of emulsion) and 1e¥ithin as an emulsifier. The
mixture was kept in an ice-bath during homogersatvith an Ultra-Turrax T25 high
speed homogeniser (Janke and Kunkel, Staufen, Ggjmaaithe speed of 13,500 rpm
for 5 min. The emulsion was then sonicated with Ema (S 30 H) sonicator
(Kolpingstr, Singen, Germany) in an ice bath fomi. The prepared oil-in-water
emulsion (225 ml) was transformed into 250 ml-ameger flask and kept at 30° C in
dark. The control oil-in-water emulsion was prepaie the same manner except the
distilled water was added instead of the solutibrpleenolic compounds. Samples
were taken every 24 h for the determination of pigl@value (PV), conjugated dienes
(CD) and thiobarbituric acid-reactive substanceBARS).

2.3.5 Preparation of fish mince

Fish mince was prepared according to the metho&arhil et al.
(2002) with a slight modification. MackerdRéstrelliger kanagurtawith an average
weight of 100-150 g off-loaded 24 h after captune=re purchased from the local
market in Hat Yai, Thailand. The fish were keptde during the transportation. Upon
arrival, fish were washed, filleted, de-skinned amdced using a mincer with a hole

diameter of 5 mm. Fish mince obtained was divided five portions (750 g each).
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One portion without the addition of phenolic compds was used as the control and
25 ml of distilled water was added instead. Otlogr fportions were added with 25 ml
of different phenolic compounds (pH 7) to obtaie fmal concentration of 100 mg/kg
of mince. The mince was then thoroughly mixed ideorto ensure the homogeneous
distribution of phenolic solution in the mince. ifent mince samples were packed in
polyethylene bags, sealed and kept in ice usingnaefice ratio of 1:2 (w/w). Molten
ice was removed every day and the same quantitigeofvas replaced. After the
designated storage time (0, 3, 6, 9, 12 and 15)ddys samples were taken for
analyses of peroxide value (PV), conjugated di€2B){ thiobarbituric acid-reactive

substances (TBARS), haem iron and non-haem irotents

2.3.6 Lipid extraction and analysis

Lipid was extracted by the method of Bligh and Dy&859). Fish
mince (25 g) was homogenised with 200 ml of a dftsm:methanol:distilled water
mixture (1:2:1) at the speed of 9,500 rpm for 2 @il °C using an Ultra-Turrax T25
homogeniser (Janke and Kunkel, Staufen, Germarmg.nbmogenate was then added
with 50 ml of chloroform and homogenised at 950@ rfor 1 min. Then, 25 ml of
distilled water were added and the mixture was hgensed again for 30 sec. The
homogenate was centrifuged at 14,500 x g at 4 tCl%omin using a RC-5B plus
centrifuge (Beckman, JE-AVANTI, USA), and transéatrinto a separating flask. The
chloroform phase was drained off into a 125 ml+arieyer flask containing about 2—
5 g of anhydrous sodium sulfate, shaken very vegtl decanted into a round-bottom
flask through a Whatman No. 4 filter paper (Whatnhaternational, Ltd, Maidstone,
England). The solvent was evaporated at 25 °CgusinEYELA rotary evaporator N-

100 (Tokyo, Japan), and the residual solvent waved by flushing with nitrogen.

2.3.6.1 Peroxide value (PV)

Peroxide value was determined according to the odetth Sakanakat
al. (2004). To 50 pl of the oil extracted from minae5® pl of oil-in-water emulsion
sample, 2.35 ml of 75% ethanol, 50 ul of 30% ammenihiocyanate and 50 pl of 20
mM ferrous chloride solution in 3.5% HCI were addedl mixed thoroughly. After 3
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min, the absorbance of the coloured solution waaseed at 500 nm using a UV-
1601 spectrophotometer (Shimadzu, Kyoto, Japan)inérease in absorbance at 500

nm indicated the formation of peroxide (Yen anddHisil998).

2.3.6.2 Conjugated diene (CD)

Conjugated diene was measured according to theaahetf Frankekt
al. (1996). Extracted oil or oil-in-water emulsion {dnl) was dissolved in 5.0 ml of
methanol and the absorbance was measured at 234using a UV-1601
spectrophotometer (Shimadzu, Kyoto, Japan). Cotgdgdiene was measured as the

increase in absorbance at 234 nm.

2.3.6.3 Thiobarbituric acid-reactive substances (TBRS)

Thiobarbituric acid-reactive substances (TBARShgssas performed
as described by Buege and Aust (1978). Fish miaced) or 0.5 ml of oil-in-water
emulsion sample were mixed with 2.5 ml of a TBAusiwn containing 0.375%
thiobarbituric acid, 15% trichloroacetic acid an@®N HCI. The mixture was heated
in a boiling water for 10 min to develop a pink@al, cooled with running tap water
and then sonicated for 30 min followed by centrédtign at 5,000xg at 25 °C for 10
min. The absorbance of the supernatant was meaat&2P nm. Standard curve was
prepared using 1,1,3,3-tetramethoxypropane (malehgde; MAD) at a
concentration ranging from 0 to 10 ppm and TBARSenexpressed as mg of MAD

equivalents/kgample.
2.3.6.4 Determination of haem iron content

Haem iron content was determined according to tethad of Gomez-
Basauri and Regenstein (1992a) with a slight meation. A fish mince sample (2 g)
was weighed into a 50-ml polypropylene centrifugbet and 20 ml of cold 40 mM
phosphate buffer (pH 6.8) were added. The mixtuas hhomogenised with an Ultra-
Turrax T25 homogeniser (Janke and Kunkel, Staugarmany) at 13,500 rpm for 10
sec. The homogenate was centrifuged at 30Gox 30 min at 4 °C using a Sorvall

RC 26 Plus refrigerated centrifuge (Sorvall, Notky&T, USA). The supernatant was
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filtered with Whatman No.1 filter paper (Whatmarteimational, Ltd, Maidstone,
England). Total haem pigment was determined by ctirspectrophotometric
measurement at 525 nm using a UV-1601 spectroplesean({Shimadzu, Kyoto,
Japan). Myoglobin content was calculated from thEmolar extinction coefficient
of 7.6 and a molecular weight of 16,110. Haem itontent was calculated based on
myoglobin, which contains 0.35% iron. The haem imntent was expressed as

mg/100g sample.
2.3.6.5 Determination of non-haem iron content

Non-haem iron content was determined as descrijpe&thrickeret al.
(1982) with a slight modification. The fish mincansple (1.0 g) was weighed into a
screw cap test tube and pDof 0.39% (w/v) sodium nitrite were added. A mirg¢u(4
ml) of 40% trichloroacetic acid and 6 N HCI (rabb1:1 [v/v], prepared freshly) was
added. The tightly capped tubes were placed in rmubiator shaker at 65 °C
(Memmert, D-91126, Schwabach, Germany) for 22 htaed cooled down at room
temperature (28 -30 °C) for 2 h. The supernata®® () was mixed with 2 ml of the
nonhaem iron colour reagent (prepared freshly)eA¥ortexing and standing for 10
min, the absorbance was measured at 540 nm. Tearcaagent was prepared by
mixing a 1:20:20 ratio (w/v/v) of: (1) bathophenamtiine (0.162 g, dissolved in 100
ml of double deionised water with 2 ml thioglycolxid [96—99%]); (2) double-

deionised water; and (3) saturated sodium acev&iden.

The non-haem iron content was calculated from standard curve.
The iron standard solution, ranging from 0 to 2 p@®0ul), was mixed with 2 ml of
the non-haem iron colour reagent. The concentraifamon-haem iron was expressed

as mg /100g sample.
2.3.7 Statistical analysis

All experiments were run in triplicate. Completeindomized design
(CRD) was used for this study. The experimentaa datre subjected to Analysis of

Variance (ANOVA) and the differences between meaase evaluated by Duncan’s
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Multiple Range Test (Steel and Torrie, 1980). Datalysis was performed using a
SPSS package (SPSS 14.0 for Windows, SPSS Incagghit., USA).

2.4 Results and discussion

2.4.11n vitro antioxidant activity of different phenolic compourds

2.4.1.1 DPPH radical scavenging activity

DPPH radical scavenging activity of catechin, daftecid, ferulic acid
and tannic acid at different concentrations is gihawFigure 6 (a). The activity of all
phenolic compounds increased with increasing canagon (P>0.05). At the same
concentration used, the descending order of DPRIitatscavenging activity of
phenolic compounds tested was as follows: tannid accatechin > caffeic acid >
ferulic acid (P<0.05). The high radical scavengaatjvity of tannic acid and catechin
was probably attributed to the higher degree ofrtwyglation in their structure. As a
result, their capability to donate hydrogen to thee radical was more pronounced
(Scherer and Godoy, 2009). The effect of antioxislam DPPH radical scavenging is
generally due to their hydrogen-donating abilityidfuraju and Becker, 2007).
Tannins extracted from stem bark@#ssia fistulaor from canola and rapeseed hulls
possessed DPPH radical quenching capacity (Sidghataal., 2002; Amarowiczet
al., 2000).

The lower DPPH radical scavenging activity of ferubcid was
observed compared with other phenolic compoundede§<0.05). This might be
attributed to the presence of adjacent substitatethoxyl group of a hydroxyl group
in the aromatic ring, which reduced free radicavenging capacity of ferulic acid
(Siddhuraju and Becker, 2007; Rice-Evansl., 1996). Additionally, carboxyl group
in ferulic acid might show the negative effect da antioxidative activity. The
carboxyl group is an electron-withdrawing group,iehhdoes not benefit the radical
scavenging activity of the compound (Thiago Inaetoal., 2008). Higher radical
scavenging activity of caffeic acid has been reggbih comparison with ferulic acid
(Brattet al.,2003; Scherer and Godoy, 2009).
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Figure 6. Antioxidative activity of different phenolic compnods at various levels as
determined by DPPH radical scavenging (a), ABT Sceddscavenging (b),
FRAP (c) and metal chelating (d) assays. Bars semtethe standard
deviation (n=3). Different capital letters withilne same concentration
denote the significant differences (P<0.05). Défdarsmall letters within
the same type of phenolic compound denote sigmificdifferences
(P<0.05).
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The presence of a second hydroxyl group in theooothpara position
is known to increase antioxidative activity dudhe additional resonance stabilisation
ando-quinone omp-quinone formation (Graf, 1992). Increasing the bemof donated
electrons helps caffeic acid in scavenging the DRBRttical more efficiently than
ferulic acid (Medineet al.,2007). Thus, the presence of higher numbers ofdxydl
groups present in catechin and tannic acid was rikasly associated with the

increased DPPH radical scavenging activity.

2.4.1.2 ABTS radical scavenging activity

ABTS radical scavenging activity of different phéoaccompounds at
various concentrations is presented in Figure 6 AB)TS radical scavenging activity
of all phenolic compounds increased as the coratoir increased (P<0.05).
However, the activity varied with the types of pbkn compounds tested. Similar to
the results of DPPH radical scavenging activitpynta acid and catechin were more
effective in scavenging ABTS radical, compared watffeic acid and ferulic acid
(P<0.05). Hagermaet al. (1998) reported that the high molecular weightruties
such as tannic acid have more ability to quench 3Badical and the effectiveness
depends on the molecular weight, the number of atiemings and nature of hydroxyl
groups’ substitution than the specific functionedups. Phenolic compounds capable
of donating hydrogen atom were more effective iaveaging ABTS radical (Leong
and Shui, 2002). It was noted that ferulic acidilexéd the higher ABTS radical
scavenging activity than did caffeic acid (P<0.0&hile the later showed the higher
DPPH radical scavenging activity than did the farifi@ég. 6 a and b). Though caffeic
acid contains the higher number of hydroxyl groupsxhibited the lower ABTS
radical scavenging activity, in comparison withuler acid. Thus, it was more likely
that the structure and side groups of phenolic @aamgs determined their ability in
scavenging ABTS radical. The results suggested dHfirent phenolic compounds
had the varying capacity of scavenging the differeadicals. As a consequence,
different assays should be conducted to verify dhdoxidant activity of various

compounds, in which mode of action could be diffiere
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2.4.1.3 FRAP(Ferric reducing antioxidant power)

Antioxidant potential of different phenolic compalswas estimated
from their ability to reduce TPTZ- Fe (lll) compleéga TPTZ-Fe (ll) complex as
shown in Figure 6 (c). Among all phenolic compoutetsted, tannic acid showed the
highest FRAP (P<0.05), indicating that tannic amdld easily donate the electron to
Fe (ll1), thus reducing it to Fe (II). The reducicgpacity measures the ease of the
compounds in donating electrons (Medetaal.,2007). The results were in agreement
with the highest DPPH and ABTS radical scavengihtaonic acid (Fig. 6 a and b).
Lopeset al. (1999) and Andrade &t al. (2006) also reported that tannic acid was able
to reduce Fe (1) to Fe (II).

Caffeic acid and ferulic acid showed the higher FPR&an did
catechin, which had the higher DPPH and ABTS radicavenging activities (Fig. 6
a,b). Caffeic acid can donate the highest numbegle@dtron (2.2 mol electron/mol
phenolic), followed by ferulic acid (1.9 mol eleatis/mol phenolic) and chlorogenic
acid (1.6 mol electrons/mol phenolic) (Mediatal., 2007). Gulcin (2006) reported
that reducing power of caffeic acid was higher tttzat of BHA, BHT,a-tocopherol

and trolox.

In the present study, catechin possessed a highmber of hydroxyl
groups than ferulic acid and caffeic acid, but sbdwhe lower FRAP (P<0.05). The
result was in accordance with Medigtaial. (2007) who recently discussed that the
absolute antioxidant capacity cannot be prediciegbly by determining the number
of hydroxyl groups. The higher number of hydroxgbgps in the chlorogenic acid did
not increase its reducing power (Medgtaal.,2007).

2.4.1.4 Metal chelating activity

Metal chelating activity of different phenolic comymds at various
concentrations is depicted in Figure 6 (d). Catechiowed the higher metal chelating
activity, followed by caffeic acid, tannic acid amerulic acid at all concentrations
tested (P<0.05) except at a level of 100 mg/l, retoatechin had the activity similar

to caffeic acid (P>0.05). Metal chelating activity catechin was also reported by
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Morel et al. (1993). Owing to polyhydroxylated structure, cieccould act as
antioxidant either through the chelation of metaith redox property or by acting as
scavenger of free radical (Rice-Evanh al., 1996). The capacity of antioxidant for
chelating metals is strongly dependent on the nurabéydroxylic groups in ortho-
position. Caffeic acid was reported to have ferrchislating activity (Gulcin, 2006). It
was noted that tannic acid possessed the poor miettdting property, while it had
the superior activity for other assays (Fig. 6 @,bl.opeset al. (1999) found that
antioxidant mechanism of tannic acid against @iimnation via a Fenton reaction was

mainly due to its iron chelating effect rather tfaH' scavenging activity.

The lowest metal chelating activity of ferulic asis possibly due to
the presence of only one hydroxyl group in its ite. The presence of a methoxy
group, which hindered their chelating capacity, wl® postulated. Methoxy groups
could stabilise phenoxyl radicals owing to its &lees-donating abilities but did not
contribute to the chelating abilities (Danilewic)03). Also, ferulic acid does not
have a galloyl moiety, thus it cannot bind iron.I¢u (2006) reported that ferulic acid
possessed very less chelating activity againstllireThus, the efficiency in metal
chelation varied with the type of phenolic compasi@ehd did not relate with radical

scavenging activity and reducing power.
2.4.2 Lipoxygenase inhibitory activity of differentphenolic compounds

Percentage inhibition of lipoxygenase (LOX) by drént phenolic
compounds at various concentrations is shown irurgig/. For all the phenolic
compounds tested, inhibitory activity increasedhwitcreasing concentrations used
(P<0.05). At the same concentration tested, caffeid showed the highest inhibitory
activity towards LOX (P<0.05). Koshihaea al. (1984) and Volet al. (1992) reported
that caffeic acid inhibited LOX-5 with the dgvalue of 3.7 uM. Caffeic acid and its
phenethyl ester are well recognised as naturabituns of LOX (Sudineet al. 1993).
No differences in LOX inhibitory activity were obbsed among catechin, ferulic acid
and tannic acid at 25 and 50 mg/lI concentratiorO(@5). In general, the inhibitory
activity of phenolic compounds towards LOX increaseath the number of hydroxyl
substituents (Laughtoet al., 1991; Sadilet al.,2003). Though tannic acid contains a
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larger number of hydroxyl groups in its structuits, LOX inhibitory activity was
lower than caffeic acid (P<0.05). Due to the larmgelecular structure, tannic acid
might not be able to bind to the active site of L@Xectively. The mechanism of
LOX inhibition by phenolic compounds is most likey combination of radical
scavenging and binding to the hydrophobic active af LOX and/or an interaction
with the hydrophobic fatty acid substrate (Schuri2®07).

Catechin and ferulic acid also showed LOX inhibytactivity in a
concentration dependent manner. Green tea catedpiayed the inhibitory effects
on both LOX-catalysed and Hb-catalysed oxidatioraxEchidonic acid and linoleic
acid (Liu and Bonnie, 2004). Catechin mixtures pred from tea effectively
prevented the pro-oxidant activity of lipoxygendk®X) in fish skin extract (Mohri
et al.,1999). Mechanism of LOX-catalysed lipid oxidatisrradical-based, where the
fatty acid is oxidised by the ferric iron withinghactive site of the enzyme to form a
fatty acid radical and a ferrous iron. This radiggermediate is then attacked by
dioxygen to form the fatty acid hydroperoxide (Sahk, 2007). Therefore, the
phenolic compounds like caffeic acid and tanniddwaving higher reducing power
and metal chelating activity showed the higher bitbry effect towards LOX. The
results revealed that all phenolic compounds testedd inhibit LOX at different
degrees. Phenolic compounds might bind with LOX lwarophobic interaction or
hydrogen bond, leading to the conformational changfeLOX. This resulted in the
loss in LOX activity, particularly when the highlewels of phenolic compounds were

used.
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Figure 7. Lipoxygenase inhibitory activity of different phdito compounds at
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2.4.3 Prevention of lipid oxidation in menhaden oiln-water emulsion by

different phenolic compounds
2.4.3.1 Changes in lipid oxidation products

PV of menhaden oil-in-water emulsion added witharid with
different phenolic compounds at a level of 100 mygdkiring the storage is presented
in Figure 8 (a). The gradual increases in PV wdrgeoved in all samples during the
first 48 h of storage. Thereafter, PV increased &igher rate up to 96 h of storage
(P<0.05). No marked change in PV was noticed dugid.68 h of storage (P>0.05).
When comparing PV of all samples, it was found thatcontrol sample contained the
higher PV than did the samples added with phenotimpounds throughout the

storage, particularly after 12 h of storage.

Tannic acid was more effective in lowering the e@ase in PV in
menhaden oil-in-water emulsion than the other timeenolic compounds used in the
present study (P<0.05). The higher efficiency afnia acid in prevention of the
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hydroperoxide formation correlated well with thegter DPPH and ABTS radical
scavenging activities and reducing power (Fig.kBcy, Tannic acid contained a large
number of hydrophobic portions, which could aligmermselves at the oil-water
interface and functioned as a hydrogen donor acahdcavenger. This resulted in the

retardation of the initiation and propagation st&a@es evidenced by the lower PV.

Caffeic acid and ferulic acid showed similar effect retarding the
formation of PV in menhaden oil-in-water emulsidA>0.05) (Fig. 8a) but their
efficiency was lower than that of tannic acid (F38). Nevertheless, caffeic acid and
ferulic acid exhibited the higher ability in previem of PV formation than did
catechin (P<0.05). De Leonardis and Macciola (2G@Borted that the antioxidant
effectiveness of caffeic acid was better than didHA in hydrophobic phases such

as cod liver oil.

The differences in ability in inhibiting PV formah among all
phenolic compounds were more likely governed by irthbydrophobicity/
hydrophilicity balance as well as their localisatio emulsion system. Catechin is the
more polar antioxidant than tannic acid and caffeced (Medinaet al., 2007).
Therefore, catechin was mostly found in the aqugahase in close proximity to the
transition metal ions present in the aqueous pHasghermore, phenolic compounds
including, catechin could act as a pro-oxidanth@atthan an antioxidant in the
presence of transition metal ions, particularly’feCatechin might reduce transition
metal ions (F€* — Fe ?*) and generated hydrogen peroxide through autdgitat
which drives the production of hydroxyl radicala the Fenton reaction (Retskyal.,
1993). Sorenseat al. (2008) also reported that the caffeic acid wasifbto be pro-
oxidative in the omega-3-enriched oil-in-water esmuh irrespective of pH, emulsifier
type and presence of iron. The formation of H-b@hdemplexes between catechin
and water molecule at the water-oil interface othe aqueous phase resulted in the
less availability of catechin to act as antioxid&atechin showed a low inhibition on
the formation of peroxides and TBARS in chilled $®mackerel (Medinat al.,
2007).
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The impact of phenolic compounds on conjugated eli@@D) and
thiobarbituric acid reactive substances (TBARS)ation in menhaden oil-in-water
emulsion during the storage is shown in Figure B&bd (c), respectively. After
initiation stage, oxidation is propagated via hypno subtraction in the vicinity of
double bonds. This propagation step implies theédion of isomeric hydroperoxides
that frequently carry conjugated diene groups. Thihe mechanism of formation of
CD. CD and TBARS levels increased continuously insamples throughout the
storage of 168 h (P<0.05). Similar patterns in gesnof CD and TBARS were
noticeable in comparison with that of PV (Fig. 8a)which tannic acid exhibited the
highest efficacy in preventing the increase in PNe increase in CD was coincidental
with the increase in PV. All samples added with qie compounds showed the
lower CD formation, compared with the control (F&p) (P<0.05). The inhibitory
effect of tannic acid on CD formation was slightiygher than other phenolic
compounds tested. This was due to the higher rad@@venging activity of tannic
acid, thereby lowering the subsequent generatioreadtive lipid radical, which can
undergo further chain reaction. The increase in RBAof emulsion indicated the
formation of lipid oxidation products. This was do@mnt in the control samples and
was retarded in the samples added with phenoligpoomds, particularly tannic acid.
The increase in TBARS values after 96 h of storegéhe control samples were
coincidental with the lower formation of PV. A deese in the level of primary
oxidation products is related to hydroperoxide ddgtion, producing secondary lipid
peroxidation products (Undelaret al., 1998). Thus, in menhaden oil-in-water
emulsion, tannic acid acted as an efficient antiamt while catechin showed the
lowest preventive effect on lipid oxidation. Thesult confirmed the role of phenolic

compounds in lowering the lipid oxidation in menéaail-in-water emulsion.
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Figure 8. Effect of different phenolic compounds on the fation of lipid oxidation
products in menhaden oil-in-water emulsion stored04C for a period of
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deviation (n=3). For all phenolic compounds, a Ificancentration of
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2.4.4 Prevention of lipid oxidation in mackerel mie by different

phenolic compounds
2.4.4.1 Changes in lipid oxidation products

The formation of PV in mackerel mince added with@utd with
different phenolic compounds at a level of 100 mggdkring iced storage is depicted
in Fig. 9 (a). PV in the control sample increasedstically from day O to day 6
(P<0.05). Thereafter, no marked change in PV wewed until the end of the storage
period (P>0.05). PV of the control sample werehbigthan that of samples added
with phenolic compounds throughout the storage ()0 Samples added with tannic
acid contained the lower PV than the control amas¢hadded with other phenolic
compounds. The results indicated the efficientcmdiative activity of tannic acid in
fish mince system. Tannic acid also showed hightoadant activity in mosin vitro
antioxidant assays (Fig. 6) as well as in menhagiém-water emulsion (Fig. 8)
(P<0.05). Free radical scavenging antioxidantsuliclg tannic acid interfere with the
initiation or propagation steps of lipid oxidatiogactions by scavenging lipid radicals
and forming low-energy antioxidant radicals thatrab readily promote oxidation of
unsaturated fatty acids (Frankel, 1998b). Reducaygacity of phenolic antioxidants
was realised as a key function for retarding arubiting lipid oxidation of fish
tissues (Medinat al.,2007).

PV of samples added with caffeic acid, ferulic aardl catechin was
lower than that of the control samples (P<0.05}),voas higher than that of samples
added with tannic acid (P<0.05). Both caffeic aeidd catechin showed similar
efficiency in preventing the lipid oxidation in timeackerel mince, but the tannic acid
was more effective antioxidant in the fish mincesteyn. The results were in
agreement with Alghazeet al. (2008) and Tangt al. (2001) who reported that the
incorporation of green tea catechin in frozen meakeas effective in lowering PV
and TBARS values as compared to the control dufiogen storage. Tea catechin
addition (300 mg/kg meat) effectively reduced limgidation in cooked beef and
chicken meat (Tangt al.,2001) and in raw red meat, poultry and fish mugténget
al., 2001). Medineet al. (2007) found that caffeic acid employed at 10 pgirowed
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similar antioxidative effectiveness in chilled henmackerel muscle to propyl gallate

at same concentration.

CD values of all samples increased gradually dustorage up to 15
days of iced storage (Fig. 9b) (P<0.05). Amonghaknolic compounds tested, ferulic
acid showed the lower activity in prevention of @mation and tannic acid tended
to exhibit the highest preventive effect. PV ofngde added with ferulic acid started
to decline after day 9 of iced storage (Fig. 9dnede results indicated that ferulic acid
was the least effective phenolic compound for thevention of lipid oxidation in
mackerel fish mince. This was coincidental with tbeer ability of ferulic acid to
chelate F& (Fig. 6d). F&" has been known as the most important pro-oxidatié
fish muscle (Love, 1983). For other phenolic commisitested, the preventive effect
on lipid oxidation might be associated with the a@fy of metal chelating in fish

mince.

For TBARS, samples added with phenolic compowsisgvell as the
control samples had the increased values as thagstdéime increased up to 12 days
(P<0.05). The decreased TBARS value were founéwatld of storage (P<0.05). This
was probably due to the losses in oxidation pradémtmed, particularly the volatile
counterparts. Malonaldehyde and other short-chaihan products of lipid oxidation
are not stable and are decomposed to organic dfc@ml acids, which are not
determined by the TBA test (Fernandsdal.,1997).



76

—&— Catechin —&— Caffeic acid —a&— Ferulic acid

—&— Tannic acid —X%— Control

6
g5
S
N4
33
>
3 2
3
S 1
o
o T T T T T 1
0 3 6 9 12 15
Storage time (days)
a)
—&— Catechin —B— Caffeic acid —a— Ferulic acid
—&— Tannic acid —— Control
<
(0]
c
()
2
e}
9
S 2
=4
§ 1
(&)
0 T T T T 1
0 3 6 9 12 15
Storage time (days)
b)
—&— Catechin —m— Caffeic acid —a— Ferulic acid
—&— Tannic acid —X¥— Control
35 -
g 30
la) J
g 25
=2 @ 20
ge
5 5 15 -
% 10 4
m 5
~ ‘
0 I T T T T 1
0 3 6 9 12 15
C) Storage time (days)

Figure 9. Effect of different phenolic compounds on the fation of lipid oxidation
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used in the system.
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2.4.5 Changes in haem and non-haeimron contents

Changes in haem and non-haem iron contents in engicknince with
and without the addition of different phenolic cavaopds during ice storage are
presented in Figure 10 (a) and (b) respectivelyerilaron content of all samples
decreased with increasing storage time up to 15 déyced storage (P<0.05). There
was no difference in haem iron content of sampldded with different phenolic
compounds and the control sample throughout thragto except at day 3 and 9, when
haem iron content of samples added with catechihcarffeic acid was higher than
the control sample (P<0.05). Haem iron content ebsed due to the haem
breakdown, which resulted in the increase of nogharon content (Benjakul and
Bauer, 2001). Additionally, the lowered haem pigimextractability with increasing
storage time also resulted in the lower iron contdrihe haem extracted (Chaijah
al., 2005). This is possibly associated with the highmd oxidation in dark muscle,
which had a high fat content (Chaijan al., 2005). Benjakul and Bauer (2001) and
Gomez-Basauri and Regenstein (1992a) reported theatdecrease in haem iron

content in the muscle was inversely related to ma@@m iron content.

Non- haem iron content of all mackerel mince saspilereased during
the iced storage (P<0.05) (Fig. 10b). During 6-a%sdof storage, the control sample
and those added with ferulic acid showed the higimr- haem iron content than
others (P<0.05). The lower metal chelating abitifyferulic acid might contribute to
the high non- haem iron remaining in the mince. ¢btinuous increase in non-haem
iron content with increasing storage period wasgneement with the release of free
iron from the muscle, which continued to degradthwiie extended storage. Decker
and Hultin (1990a, 1990b) suggested that the hagmemt or other iron-containing
proteins are possibly denatured with increasingagi®time, resulting in the release of
iron. Deterioration of sub-cellular, organellesy.emitochondria, and the release of
cytochrome-C, could also be responsible for thee@m®e in non-haem iron. As non-
haem iron content of the control and sample addigd ferulic acid was slightly
higher than other samples, this could be related thie higher degree of oxidation in
both samples.
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Figure 10. Change in haem iron content (a) and non-haemcdontent (b) in mackerel
mince without and with different phenolic compourtlsing iced storage
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significant differences (P<0.05). Different smadkters within the same
type of phenolic compound denote significant déferes (P<0.05). For all
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system.
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Brune et al. (1989) found that the absorption effects of tarsumal
catechin on non-haem iron content were more procedivhen there wefhydroxyl
groups (galloyl) on the phenolic structure than mitteere were 2 hydroxyl groups
catechol). Therefore, the ability in binding noreha iron was governed by the
structure and hydroxyl group of phenolic compounadsl more likely affected the
efficacy in inhibiting or preventing lipid oxidatiomediated by free iron in the fish

mince during iced storage.
2.5 Conclusions

Antioxidativity of phenolic compounds varied witthet types and
molecular structure. Tannic acid exhibited the@adiative activity and could prevent
lipid oxidation effectively in menhaden oil-in-watemulsion as well as in fish mince.
This was most likely caused by its radical scaveg@ictivity, LOX inhibitory activity
as well as metal chelating activity, especially a0t non-haem iron. Thus, the
selection of suitable phenolic compound as an awkamt is of great importance to

maximize the prevention of lipid oxidation in difést food model systems.



CHAPTER 3

SYNERGISTIC EFFECT OF TANNIC ACID AND MODIFIED
ATMOSPHERIC PACKAGING ON THE PREVENTION OF
LIPID OXIDATION AND QUALITY LOSSES OF
REFRIGERATED STRIPED CATFISH SLICES

3.1 Abstract

Chemical, microbiological and sensorial changésstoped catfish
(Pangasius hypothalamus)ices treated without and with tannic acid (10@ 200
mg/kg) were determined during 15 days of storagé & in air and under modified
atmospheric packaging (MAP, 60%N35%CQ / 5%0,). The slices consisted of 9.2
g lipid /100 g and the lipid contained 64.55% unesated fatty acids and 33.87 %
saturated fatty acids. During the storage, the $armpated with 200 mg/kg tannic
acid and stored under MAP @M had the lowest peroxide value (PV) and
thiobarbituric acid reactive substances (TBARS)hwite coincidental lowest non-
haemiron content, indicating the retarded lipid oxidati Fourier transform infrared
(FTIR) spectra indicated primary oxidation produatsl free fatty acids in Msample
after 15 daysConversely, these compounds were found at loweteots in the
control samples kept in air without tannic acidatneent (4), suggesting that the
deterioration was more advanced. Myosin heavy cbbiy, was degraded by 17.85%
after 15 days of storage, whereas no change waseabte in M compared with the
fresh sample (F). Based on microbiological accelitgtimit (107 cfu/g), the shelf-
life of Ag and My was estimated to be 9 and 15 days, respectivelyhad the
acceptable scores for all sensory attributes upStalays, while Awas acceptable
when stored for 9 days. Therefore, tannic acidlatéd a synergistic effect with MAP
on retarding lipid oxidation and microbial growthgereby increasing the shelf-life of

striped catfish slices during refrigerated storage.

80
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3.2. Introduction

Fresh fish are highly perishable products and tlieiterioration is
mainly from the biological reactions such as oxmabf lipids, protein degradation or
decomposition mediated by endogenous or microbizyraes. These activities lead to
a short shelf-life of fish and other seafood pradu@Gobanteset al., 1998) Fish
contain a high amount of n-3 polyunsaturated fattil, especially eicosapentaenoic
acid (20: 5 n-3) and docosahexaenoic acid (223§ mhich have been shown to have
potential benefits for human health (Lee and LiP03. Nevertheless, they are
susceptible to oxidation, which is associated wité rancidity and loss in nutritive
value (Frankel, 1998a). To alleviate the spoilagased by microorganisms, frozen
storage has been used widely. However, freezingflazén storage are not able to
terminate the chemical reactions, especially lipxidation and protein denaturation
(Benjakulet al.,2005). These reactions result in the decreasenictibnal properties,

quality and consumer acceptability.

Modified atmosphere packaging (MAP) in combinationith
refrigeration has been proved to be an effectivesgmvation method, in which the
shelf-life extension and quality retention of agkrvariety of fresh chilled food
products e.g. red meat, poultry, fruits, vegetabdés have been achieved (Brody and
Marsh, 1997). MAP was also used to extend the gifielbf fish and fish products
(Masniyomet al.,2002; Ozogukt al.,2004; Pastorizat al.,1998; Ruiz-Capillas and
Moral, 2001, 2005). However, Masniyoet al. (2002) reported that the use of MAP
with 60% and 80% C@resulted in the increase in lipid oxidation of ls@ss slices
during refrigerated storage. To lower the lipid dation, the treatment of fish with
potential antioxidants is required. Phenolic commusuhave been used as the natural
antioxidant to retard lipid oxidation in foods. Tams from Osbeckia chinensiwere
found to have potential antioxidative efficiencytie linoleic acid-thiocyanate system
(Su et al., 1998). Recently, Magsood and Benjakul (2010a) dothat tannic acid
exhibited the highest antioxidative activity byfdientin vitro assays as well as in
fish oil-in-water emulsion and fish mince. Tannicichis affirmed as Generally
Recognized as Safe (GRAS) by the Food and Drug Adtmation (FDA) for the use

as a direct additive in some food products suclhaed goods and baking mixes,
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alcoholic and non-alcoholic beverages, frozen ddegserts and mixes, hard candy
and cough drop as well as meat products (21 CFR1897, U.S. Code of Federal
Regulation, 2006). Therefore, the use of tannid accombination with MAP could
be a promising means to lower lipid oxidation antierd the shelf-life of striped
catfish slices, containing a high amount of fatjckhhas become an economically

important species in Thailand.

To our knowledge, no information on synergistiéeef of phenolic
compound and MAP on lipid oxidation and shelf-ketension of refrigerated striped
catfish slices have been reported. Thus, the atgeof present work was to study the
combined effect of tannic acid and MAP on the clesnigp chemical, microbiological
as well as sensory properties of striped catfigfeslduring refrigerated storage at 4
°C.

3.3 Material and methods
3.3.1 Chemicals

Tannic acid, thioglycolic acid, cumene hydropedaxi [-
mercaptoethanol and bathophenanthroline disulfacid were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Sodium chlorigmhydrous sodium sulphate,
potassium iodide, trichloroacetic acid, iron staddsolution, ethanol and methanol
were obtained from Merck (Damstadt, Germany). Disodhydrogen phosphate, 2-
thiobarbituric acid, ammonium thiocyanate, ferrotisloride, sodium nitrite and
saturated sodium acetate were purchased from Fkamical Co. (Buchs,
Switzerland). Plate count agar was obtained frommidia (Mumbia, India).
Chloroform was procured from Lab-Scan (Bangkok, ifeimal). All chemicals for
electrophoresis were obtained from Bio-Rad (Richth @A, USA).
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3.3.2 Fish preparation

Striped catfish Fangasius hypothalampsveighing 10-11 kg, off-
loaded 24 h after capture and stored in ice, warehased from the fish market in Hat
Yai, Songkhla, Thailand. The fish were kept in idering transportation to the
Department of Food Technology, Prince of Songklavehsity. Upon arrival, fish
were washed with tap water, filleted, deskinned eundinto slices with a thickness of
1-2 cm. The slices were placed in polyethylene bags kept in ice until use. A

portion of slices was taken for lipid extractiordaanalysis.

3.3.3 Lipid extraction and analysis

Lipid was extracted by the method of Bligh and D¢E959). Ground
sample (25 g) was homogenised with 200 ml of clitoro:methanol:distilled water
mixture (1:2:1) at the speed of 9,500 rpm for 2 @il °C using an Ultra-Turrax T25
homogeniser (Janke and Kunkel, Staufen, Germarg.nbmogenate was then added
with 50 ml of chloroform and homogenised at 9,50 rfor 1 min. Subsequently
25 ml of distilled water was added and the mixtuess homogenised again for 30 sec.
The homogenate was centrifuged at 14,500 x g &t #r 15 min using a RC-5B plus
centrifuge (Beckman, JE-AVANTI, Fullerton, CA, USAand transferred into a
separating flask. The chloroform phase was dragfohto a 125 ml-erlenmeyer flask
containing about 2-5 g of anhydrous sodium sulplsitaken very well, and decanted
into a round-bottom flask through a Whatman No. ilerf paper (Whatman
International, Ltd, Maidstone, England). The solvesas evaporated at 25 °C, using
an EYELA rotary evaporator N-100 (Tokyo, Japan)d dhe residual solvent was
removed by flushing with nitrogen.

3.3.3.1 Determination of fatty acid profile

Fatty acid profile of lipid from fish slices wagt@rmined as fatty acid
methyl esters (FAMEs). The FAMEs were prepared @tng to the method of
AOAC (2000). The prepared methyl esters were gfiadtby gas chromatography
(GC). GC (Shimadzu, Kyoto, Japan) equipped witlhamé ionisation detector (FID,
at a split ratio of 1:20) was used. A fused silbagillary column (30 m x 0.25 mm),



84

coated with bonded polyglycol liquid phase, wasdu3de analytical conditions were:
injection port temperature of 250 °C and deteaargerature of 270 °C. The injection
volume was 2ul. The oven was programmed from 170 to 225 °Crate@of 1 °C/min
(no initial or final hold). Retention times of FAMEandards were used to identify
chromatographic peaks of the samples. Fatty aciteod was calculated, based on the

peak area ratio and expressed as gram fatty afidydd lipid.

3.3.4 Tannic acid treatment and modified atmospher@ackaging (MAP)
of striped catfish slices

Striped catfish slices (50 g) were placed on thlggtyrene trays (20 x
12 cnf). Tannic acid (5 and 10 mg) was dissolved sepgratel ml of distilled water
and applied uniformly to prepared slices (50 gpldain a final concentration of 100
and 200 mg/kg, respectively. A tray containing fistices was inserted in
nylon/LLDPE bag (30 x 16 cm) (Asian Foams, Hat, Ydailand) with the thickness
of 0.08 mm and gas permeability (§®™,and Q: 1.7 x 102°, 0.1 x 10"°and 0.4 x 10
19 m®.mmicnf.s.cmHg at 25 °C, 1 atm pressure, respectively)veasipacked with a
fish/gas ratio of 1:3 (w/v) using a Henkovac typ@0Q (Tecnovac, ltaly). Prior to
filling the gas, the bag was evacuated fully. Gastume containing 60% C£ 35%
N,/ 5% & with a pressure of 5 kg/énwas filled in the bag. Fish slices treated
without and with tannic acid (100 and 200 mg/kg)l @acked in air were prepared and
designated as A A; and A respectively. Those packed under MAP were desgghat
as My, M1 and M, respectively. For the control samples @dMo), same quantity (1
ml) of distilled water was added to the slices. gdimples were stored at 4 °C and
taken for chemical, microbiological and sensorylysia every 3 days for 15 days,

except sensory analysis was omitted at day 12.
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3.3.5 Chemical analysis
3.3.5.1 Peroxide value

Peroxide value was determined as per the methoRidifards and
Hultin (2002) with a slight modification. Groundmsple (1 g) was homogenised at a
speed of 13,500 rpm for 2 min in 11 ml of chlorafdmethanol (2:1, v/v).
Homogenate was then filtered using Whatman Noltérfpaper. Two millilitre of
0.5% NaCl was then added to 7 ml of the filtratbe Tmixture was vortexed at a
moderate speed for 30 s and then centrifuged &03¢0g for 3 min to separate the
sample into two phases. Two millilitre of cold ctdorm/methanol (2:1) were added
to 3 ml of the lower phase. Twenty-five microlitné ammonium thiocyanate and 25
pl of iron (II) chloride were added to the mixtu¢8hantha and Decked,994).
Reaction mixture was allowed to stand for 20 miroain temperature prior to reading
the absorbance at 500 nm. A standard curve wasam@@pusing cumene
hydroperoxide at a concentration range of 0.5-2.ppm

3.3.5.2 Thiobarbituric acid-reactive substancesIBARS)

Thiobarbituric acid-reactive substances (TBARSYyavdetermined as
described by Buege and Aust (1978). Ground sanfpieq) was mixed with 2.5 ml of
a TBA solution containing 0.375% thiobarbituric &cil5% trichloroacetic acid and
0.25 N HCI. The mixture was heated in a boilingevdtath (95-100 °C) for 10 min to
develop a pink color, cooled with running tap waaed then sonicated for 30 min,
followed by centrifugation at 5,000 xg at 25 °C fd¥ min. The absorbance of the
supernatant was measured at 532 nm. A standare ewas prepared using 1,1,3,3-
tetramethoxypropane (MAD) at the concentration magpgrom O to 10 ppm and
TBARS were expressed as mg of MAD equivalents/kgaofiple.

3.3.5.3 Determination of haem iron content

The haem iron content was determined accordingth® method
of Gomez-Basauri and Regenstein (1992a) with datshgpdification. Ground sample
(2 g) was transferred into a 50 ml-polypropyleneteiige tube and 20 ml of cold 40
mM phosphate buffer (pH 6.8) were added. The metwas homogenised with a
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homogeniser at a speed of 13,500 rpm for 10 see.hbmogenate was centrifuged at
3000 xgfor 30 min at 4 °C. The supernatant was filterathwVhatman no.1 filter
paper. Total haem pigment was determined by dggettrophotometric measurement
at 525 nm using a UV-1601 spectrophotometer (Shmnadyoto, Japan). Myoglobin
content was calculated from the millimolar extinati coefficient of 7.6 and a
molecular weight of 16,110. Haem iron was caladabased on myoglobin, which

contains 0.35% iron. The haem iron content wasesgad as mg/100g sample.

3.3.5.4 Determination of nonhaem iron content

Non-haem iron was determined as described by&ariet al.

(1982) with a slight modification. Ground sampleg)lwas placed in a screw cap test
tube and 5Qul of 0.39% (w/v) sodium nitrite was added. A mixui4 ml) of 40%
trichloroacetic acid and 6 N HCI (ratio of 1:1 [{/yprepared freshly) was added. The
tightly capped tubes were placed in an incubatekehat 65 °C (Memmert, D-91126,
Schwabach, Germany) for 22 h and then cooled dawmoan temperature (25-30 °C)
for 2 h. The supernatant (4Q0) was mixed with 2 ml of the non-haem iron colour
reagent (prepared freshly). After vortexing anchdiag for 10 min, the absorbance
was measured at 540 nm. The colour reagent waswaekpy mixing a 1:20:20 ratio
(wiviv) of: (1) bathophenanthroline disulfonic ad@ 162 g, dissolved in 100 ml of
double deionised water with 2 ml thioglycolic a¢@b—-99%]); (2) double-deionised
water; and (3) saturated sodium acetate solutioon-aem iron content was
calculated from iron standard curve. The iron séaddsolution, ranging from 0 to 2
ppm, (400pul) was mixed with 2 ml of the non-haem iron colowgagent. The

concentration of non-haem iron was expressed ad @figg sample.

3.3.5.5 Fourier transform infrared (FTIR) spectra analysis

Lipid extracted from the fresh sample (F) anglaAd M, stored for 15 days
were used for FTIR analysis. FTIR analysis of sijgatfish lipid was performed in a
horizontal ATR Trough plate crystal cell (45° Zn$®§ mm long, 10 mm wide and
4 mm thick) (PIKE Technology, Inc., Madison, WI, ASequipped with a Bruker
Model Vector 33 FTIR spectrometer (Bruker Co., igtfen, Germany). Prior to
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analysis, the crystal cell was cleaned with acetamged dry with soft tissue and the
background scan was run. For spectra analysis,séneple (20Qul) was applied
directly onto the crystal cell and the cell wasngteed into the mount of the FTIR
spectrometer. The spectral, in the range of 4000eA0' (mid-IR region) with
automatic signal gain, were collected in 16 scdrs eesolution of 4 cit and were
ratioed against a background spectrum recorded fhentlean, empty cell at 25 °C.
Analysis of spectral data was carried out using@R&JS 3.0 data collection software
programme (Bruker Co., Ettlingen, Germany).

3.3.5.6 SDS - polyacrylamide gel electrophoregiSDS—-PAGE)

Fresh striped catfish muscle (F) anglahd M stored for 15 days were
subjected to SDS—PAGE according to the method efmali (1970). To prepare the
protein sample, 27 ml of 5% (w/v) SDS solution wadgled to the sample (3 g). The
mixture was then homogenised using a homogeniser sgieed of 13,500 rpm for
2 min. The homogenate was incubated at 85 °C fotd. dissolve total protein. The
samples were centrifuged at 350Q for 20 min to remove undissolved debris. The
samples (1pg protein) were loaded onto the polyacrylamide gelde of 10%
separating gel and 4% stacking gel and subjectedldctrophoresis at a constant
current of 15 mA per gel, using a Mini Protein hitu(Bio-Rad Laboratories, Inc.,
Richmond, CA, USA). After separation, the proteisre stained with 0.02% (w/v)
Coomassie Brilliant Blue R-250 in 50% (v/v) methbaond 7.5% (v/v) acetic acid and
destained with 50% methanol (v/v) and 7.5% (v/vitac acid, followed by 5%
methanol (v/v) and 7.5% (v/v) acetic acid. Widegamolecular weight marker was

used for estimation of molecular weight of proteins

Quantitative analysis of protein band intensitysvgeerformed using a
Model GS-700 Imaging Densitometer (Bio-Rad Labaiag) Hercules, CA, USA)
with Molecular Analyst Software version 1.4 (imag®alysis system). The intensity of

protein band of interest was expressed relatitkabfound in fresh sample (F).
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3.3.6 Microbiological analysis

Fish slices (25 g) were collected aseptically st@macher bag and 10
volumes of sterile saline solution (0.85 g/100 wmére added. After homogenising in a
Stomacher blender (Stomacher M400, Seward Ltd. tMfagton, England) for 1 min,
a series of 10-fold dilutions was made using norseline solution (0.85%) for
microbiological analyses. Mesophilic and psychrbphibacterial counts were
determined by plate count agar (PCA) with the iratidm at 35 °C for 2 days
(Hasegawa, 1987) and 7 °C for 7 days (Coesial., 1992), respectively. Microbial
counts were expressed as log cfu/g.

3.3.7 Sensory analysis

The sensory evaluation was performed by 30 urddhpanelists, who
were the graduate students in Food Science anchdkgy programme with the age
of 25-33 years and were familiar with fish consuimpt The assessment was
conducted for the odour, colour, taste and textdireooked samples using a 9-point
hedonic scale (Mailgaaet al., 1999): 1, dislike extremely; 2, dislike very mu@;
dislike moderately; 4, dislike slightly; 5, neitHéee nor dislike; 6, like slightly; 7, like
moderately; 8, like very much; 9, like extremelyneTlfish samples were covered with
aluminium foil and cooked in steaming pot until tere temperature of each sample
reached 70 °C (Masniyort al, 2002). Stick water was drained and samples were

allowed to cool to room temperature (25—-28 °C)acevaluation.

3.3.8 Statistical analysis

All experiments were run in triplicate. Completeindomized design
(CRD) was used for this study. The experimentah detre subjected to Analysis of
Variance (ANOVA) and the differences between meaase evaluated by Duncan’s
New Multiple Range Test (Steel and Torrie, 198@r pair comparison]J-test was
used. Data analysis was performed using a SPSQgadclPSS 14.0 for Windows,
SPSS Inc, Chicago, IL, USA).
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3.4 Results and discussion

3.4.1 Lipid content and fatty acid profile of strped catfish slices

Striped catfish slices had a lipid content of @200 g sample. Eymard
et al. (2009) reported that horse mackerel muscle coadagn lipid content of 2.4
g/100 g muscle, which was almost 4-fold lower thiaat found in striped catfish
slices. Fatty acid composition of fresh stripedishtslices is shown in Table 4. Lipid
of fresh striped catfish slices contained 33.8%ursa¢d fatty acids (SFA), 42.60%
mono-unsaturated fatty acids (MUFA) and 21.95% olfyqunsaturated fatty acids
(PUFA). The unsaturated fatty acids were approxétga2-fold higher than that of
saturated fatty acids (Table 4), suggesting thatlsi of striped catfish slices were
susceptible to oxidation. The predominant fattig azas oleic acid (C18:1-9) (37.60
%), followed by palmitic acid (C16:0) (24.80 %) almbleic acid (C18:21-6) (17.13
%). Among PUFA, linoleic acid (C18:8-6) was the most abundant, followed by
linolenic acid (C18:3n-3). Significant amount of n-3 fatty acid, espédgial
docosahexaenoic acid (C22r53) (DHA) and eicosapentaenoic acid (C20:53)
(EPA) were found. DHA was present at higher contkah EPA. Kolakowskat al.
(2002) and Chaijaret al. (2006) reported that DHA is usually more abundiuain
EPA (up to 2-3 times). The results revealed thaped catfish was an excellent
source of fish oil or lipid, containing high conteof n-3 fatty acids. Intake of n-3
polyunsaturated fatty acids from fish oil is asat@il with a reduction in sudden
cardiac death in patients with ischemic heart disgéaee and Lip, 2003).



Table 4. Fatty acid profile of lipid extracted

Fatty acids Formula Fatty acid content
(9/100g lipid)
Lauric acid C12:0 0.19
Myristic acid C14:.0 0.90
Pentadecanoic acid C15:.0 0.15
Palmitic acid C16:0 24.80
Heptadecanoic acid C17:0 0.22
Stearic acid C18:0 7.39
Arachidic acid C20:0 0.16
Behenic acid C22:0 0.06
> Saturated fatty acids (SFA) 33.87
Myristoleic acid Cl4:1 0.10
Palmitoleic acid C16:1 n-7 3.88
Cis-10-Heptadecanoic acid Clr:1 0.09
Cis-9-Octadecanoic acid C18:1 n-9 37.60
Cis-11-Eicosenoic acid C20:1 n-9 0.87
Cis-13-Docosenoic acid C22:1 n-9 0.06
> Monounsaturated fatty acids (MUFA) 42.60
Cis-9,12-Octadecadienoic acid C18:2 n-6 17.13
Cis-9,12,15-Octadecatrienoic acid C18:3n-3 0.87
Cis-6,9,12-Octadecatrienoic acid C18:3 n-6 0.39
Cis-5,8,11,14-Eicosatetraenoic acid C20:4 n-6 0.97
Cis-8,11,14-Eicosatrienoic acid C20:3 n-6 0.72
Cis-11,1-Eicosadienoic acid C20:2 n-6 0.57
Cis-5,8,11,14,17-Eicosapentaenoic acid C20:5 nPAJE 0.13
Cis-11,14,17-Eicosatreinoic acid C20:3n-3 0.07
Eicosatetraenoic acid C20:4 n-3 0.08
Cis-4,7,10,13,16,19-Docosahexaenoic acid C22:qDFA) 0.65
Docosapentaenoic acid C22:5n-3 0.19
Docosapentaenoic acid C22:5n-6 0.18
> Polyunsaturated fatty acids (PUFA) 21.95

from stripedatfish slices.
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3.4.2 Effect of tannic acid combined without and wh MAP on the

chemical changes of striped catfish slices duringfrigerated storage

3.4.2.1 Changes in PV and TBARS

Changes in PV and TBARS values of refrigerategstticatfish slices
treated without and with tannic acid (100 and 2@f)kg) stored in air and under MAP
during 15 days of storage at 4 °C are presenté&dgure 11 (a) and (b), respectively.
Gradual increase in PV was observed in all santplesighout the storage of 15 days
(P < 0.05) except for the control kept in airp(And the control stored under MAP
(Mo), in which PV decreased markedly after 9 days tdrage (P<0.05).
Hydroperoxide formed as primary oxidation produatsigher levels in both Aand
Mo might undergo the decomposition into secondargation products. A decrease in
the level of primary oxidation products is relatem hydroperoxide degradation,
producing secondary lipid peroxidation products q@&lbh et al.,, 2005). When
comparing the PV of all samples, it was found thatontained the highest PV, while
M, contained the lowest PV within the first 12 daysstorage (P<0.05). The result
indicated the synergistic effect of MAP and tanmotd treatment, especially at a level
of 200 mg/kg on the retardation of propagation etaflipid oxidation in refrigerated
striped catfish slices. Free radical scavengingorigiants including tannic acid
interfere with the initiation or propagation steps lipid oxidation reactions by
scavenging lipid radicals (Magsood and BenjakullG&) and forming low-energy
antioxidant radicals that do not readily promotedakion of unsaturated fatty acids
(Frankel, 1998Db).

TBARS values of all samples increased as the ggotime increased
up to day 12 (P<0.05). Thereafter, the decreas€é BARS values were obtained
(P<0.05), probably due to the losses in secondasigabon products formed,
particularly the low molecular weight volatile cooynds. Malonaldehyde and other
short-chain carbon products of lipid oxidation aret stable and are most likely
decomposed to organic alcohols and acids, whicmatreletermined by the TBA test
(Fernandezt al., 1997; Bornecet al., 2009). Alghazeeet al. (2008) reported the

gradual increase of PV and TBARS in frozen mackarel instant decrease in both
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PV and TBARS after 10 weeks of storagelditionally, the decrease in TBARS was
also probably due to the interaction of thiobaniit acid (TBA)-reactive substances
with proteins (Fernandes al.,1997). This finding was in agreement with Goulad a
Kontominas (2007) who reported that TBARS valueSI&P and air stored sea bream
fillet at 4 °C increased gradually up to a certpoint during storage, followed by

either a decrease in values or a lower increase rat

The samples, Mand M, displayed the lower TBARS values as
compared to those stored in air or that kept uhtisP without tannic acid treatment
(Mo) throughout the storage period of 15 days (P<0.Ubgrefore, the use of tannic
acid in combination with MAP was more effectiveratardation of the lipid oxidation
in striped catfish slices than MAP (Malone. TBARS values of the samples ad
A, were found to be lower than that ofyMhroughout the storage of 15 days. The
result indicated that tannic acid alone was mofecgfe than MAP in retarding lipid
oxidation in striped catfish slices stored at gdrated temperature (P<0.05). The
application of antioxidants (rosemary extract)ie surface of sea bream fillets stored
under MAP delayed lipid oxidation and could imprdhe sensory quality (Gimenez
et al., 2004). Goulas and Kontominas (2007) also repaitiedeffect of antioxidant
(oregano essential oil) and MAP (40%£/B0%G / 30% N) on the retardation of
TBARS formation of refrigerated sea bream filleAsashisaret al. (2004) found the
highest TBARS value in rainbow trout fillets packdgwith 30% Q as compared to
the MAP with no oxygen. Thus, the tannic acid &eel of 200 mg/kg in combination
with MAP was more effective in retarding lipid oaiibn of striped catfish slices

during refrigerated storage.
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Figure 11. Changes in PV (a) and TBARS (b) of striped sat&lices treated without
and with tannic acid stored in air and under MAR%B\, / 35%CQ /
5%0,) during refrigerated storage. Bars represent thedard deviation
(n=3).

3.4.2.2 Changes in FTIR spectra

FTIR spectra of crude lipid extracted from freBh gtriped catfish slice
and A and M, samples stored for 15 days are illustrated infeidi2. FTIR spectrum
for fresh sample (F) consisted of several peakis diifferent wavenumbers (Fig. 12a).
Band with wavenumber of 667.36 ¢nis associated with out-of-plane O-H bend
(Brian, 1998); a band with wavenumber of 754.62' aesulted from the overlapping
of the methylene rocking vibration and out-of-plabending vibration ofcis-
disubstituted olefins / alkenes (Guillehal.,2004). A weak band with wavenumber of
969.29 crit was due to bending vibration out-of-planetmains disubstituted olefinic
groups (Guilleret al.,2004), a band with wavenumber of 1095.35'oras associated
with the stretching vibration of the C-O groupsesters (Guilleret al., 2004). The
bands situated at wavenumber of 1162.79 emd 1215.70 cthwere both associated
with the stretching vibration of the C-O group stexs and with the bending vibration
of the CH groups and both were related to the proportiosadfirated acyl groups in
oil samples (Guillen and Cabo, 1997). A band withvenumber of 1376.99 ¢hwas
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due to symmetric bending vibrations of €gtoups (Guilleret al.,2004) and a band
having wavenumber of 1464.40 ¢rwas due to the bending vibrations of the,GiHd
CHjs aliphatic groups (Guilleret al., 2004). Two stretched bands at wavenumbers of
2853.62 crit and 2923.58 cth were due to the methylene asymmetrical and
symmetrical stretching vibration, respectively (& and Cabo, 1997; Guillest al.,
2004). Both the methylene asymmetrical stretchiagds at approximately 2923.58
cm* and the methylene symmetrical stretching band 28%8.62 crit were obviously
present in most of the lipid samples (Guilletnal.,2004). Also, a band near 3010.84
cm* was due to the stretching vibration of tigolefinic C-H double bonds (Guillen
and Cabo, 1997; Guilleet al.,2004). The results suggested that the oil fronpeatti
catfish slices mainly contained triglycerides witly amounts of free fatty acids.

A stretching vibrational band of the C=0 carbogyjroup representing
free fatty (FFA) acids was observed at wavenumbdi789.29 crit. A small band at
wavenumber of 1657.16 ¢hwas assigned to the disubstitutesiC=C of unsaturated
acyl groups (Fig. 12b) (Guilleat al., 2004; Van de Vooret al., 1994b). The lower
amplitude of these bands was found igilAcomparison with M samples stored for
15 days (Fig. 12b). The result suggested that FFédyred in A underwent
oxidation, leading to the lower amounts retainethm sample as evidenced from the
high TBARS values in A(Fig. 11b). For M FFA might be formed by lipases, but
they were most likely less prone to oxidation ia firesence of tannic acid and under
MAP. As a result, FFA was still found at the higivél in My. For fresh sample (F),
these peaks were less pronounced, probably duletdotver lipase activity in the

fresh sample at day O.
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Figure 12. FTIR spectra of crude oil extracted from freshpsi catfish muscle (a)
and the change in the transmittance in the regfatb60-2000 cnt (b)
and 3100 -3600 cih(c) of fresh sample (F), sample without tanniadaci
treatment and stored in air {Aand those treated with tannic acid (200

mg/kg) and stored under MAP ¢Mafter 15 days of refrigerated storage.
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A band situated at wavenumber of 3341.52'cwas due to the
hydroperoxide formation in the sample (Fig. 12a). dxidized oils, a band of
hydroperoxides is detected approximately at theemamnber of 3444 cth(Ismail et
al., 1993). Van de Voorét al (1994b) reported a band having wavenumber of 3800
3100 cnt in the ATR/FTIR spectra, referred to the OH sthigtg region.
Hydroperoxide moieties exhibit the characteristis@ption bands between 3600-
3400 cm' due to their —OO-H stretching vibrations (Van deot et al., 1994a). In
fish lipid oxidation process, the broadening of Hads between the wavenumber of
3600 and 3300 cthis mainly due to the hydroperoxide formed during ftsh lipid
oxidation (Guillenet al., 2004; Chaijanet al., 2006). The hydroperoxide band at
wavenumber of 3341.52 ¢hin M, showed a higher amplitude, compared to that of
Ao stored for 15 days (Fig. 12c), which was coinctderwith the results of
spectrophotometric determination of PV (Fig. 1Td)e hydroperoxide formed ingA
might undergo the intensive decomposition, yieldthg secondary lipid oxidation
products. On the other hand, the oxidation of Wwés still in the primary stage, in
which the hydroperoxides were still accumulatedh@ sample at day 15. Thus, the
FTIR spectra revealed the formation of FFA and bgdroxide in oil extracted from

striped catfish slices during 15 days of refrigedastorage.

3.4.2.3 Change in haem and non-haem iron content

Changes in haem and non- haem iron contentdrigesated striped
catfish slices treated without and with tannic aandl packed in air or under MAP are
shown in Figure 13 (a) and (b), respectively. Haeom content of all samples
decreased gradually up to day 6 of storage. Subs#gua marked decrease was
observed until the end of storage (day 15) (P<0.88gm iron content of Aand M
was higher than that of the control samplg &d M) without tannic acid treatment
throughout the storage (P<0.05). Decrease in haem ¢ontent with increasing
storage time was probably due to a haem breakdmsnlting in the increase in non-
haem iron content (Benjakul and Bauer, 2001). Hpeoteins became less soluble as
the fish undergoes deterioration, leading to thereised haem iron content (Chen,
2003; Chaijaret al., 2005). Lower haem iron content in the control sEn{p, and
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M), reflecting higher non-haem iron content, miglt dssociated with the higher

degree of oxidation in these samples.

Non-haem iron content of all samples increaseduslly up to day 6
of storage with the subsequent increase at theehigite up to 15 days of storage
(P<0.05) (Fig. 13b). The increase in non-haem tontent with increasing storage
period was coincidental with the release of fremnifrom the muscle (Fig. 13a).
Decker and Hultin (1990a) suggested that haem mgroe other iron-containing
proteins are possibly denatured with increasingagi®time, resulting in the release of
iron. Deterioration of sub-cellular, organellesy.emitochondria, and the release of
cytochrome C could also be responsible for theeiase in non-haem iron (Decker and
Hultin, 1990a). After 6 days of storage, the ineeean lipid oxidation was
concomitant with the increasing non-haem iron cointter the control samples,oAand
Mo.
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Figure 13, Changes in haem (a) and non-haem iron (b) ctshstriped catfish
slices treated without and with tannic acid storeair and under MAP
(60%N, / 35%CQ / 5%Q) during refrigerated storage. Bars represent
the standard deviation (n=3).
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During storage, non-haem iron was released ovartye deterioration
by microbial spoilage, which might accelerate thadation process in the muscle
(Chaijanet al., 2005). On the contrary, the non-haem iron conténthe samples
treated with tannic acid was lower than the sampi@sout tannic acid treatment. This
was mainly due to the ability of tannic acid to lele iron, particularly in the free
form (Lopeset al.,1999). It was noted thatsA&ontained a higher content of non-haem
iron than did M at day 15 of storage. A higher amount of non-haem released in
Apwas associated with the accelerated oxidation. Antba transition metals, iron is
known as the most important pro-oxidant due tdiigh reactivity. The ferrous state of
iron accelerates lipid oxidation by breaking dowwdiogen peroxide and lipid
peroxides to reactive free radicals via the Fenéation (F& + H,0,——» Fe** +
OH’ + OH) (Miller et al.,1996). Therefore, the use of tannic acid with inghtelating
ability in conjunction with MAP could lower the igh oxidation mediated by transition

metal ions.

3.4.2.4 Changes in protein patterns

Protein patterns of fresh (F) striped catfish aeisand A and M
samples stored at 4 °C for 15 days are shown iar&ig4. All samples contained
myosin heavy chain (MHC) and actin as the majotgins. Additionally, all samples
also consisted ai-tropomyosin -tropomyosin and troponin T. In general, there was
no difference between protein patterns of freshpdar(F) and M stored for 15 days.
However, a slight degradation of MHC was noticedAgafter 15 days of storage.
Band intensity of MHC in Aafter 15 days of storage decreased by 17.85%, abere
no change in protein pattern was found ipdtbred for 15 days, compared with that of
fresh sample. Masniyomt al. (2004) also found no marked change in proteinepatt
of seabass slices stored under MAP, compared vaihfsample. The degradation of
MHC and actin in A at the end of storage (day 15) was most likelyibaited to
endogenous and microbial proteinases (Masniwinal., 2004). Moreover, protein
oxidation can also lead to protein degradationkaal.,2007). Thus, the tannic acid
treatment in combination with MAP could prevent teio degradation of striped

catfish slices effectively, mainly due to theirgoh inhibiting microbial growth. This
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could result in the maintenance of textural propeitthe striped catfish slices after

extended storage.
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Figure 14. SDS-PAGE pattern of muscle protein from fresh stlipatfish muscle (F)
and sample without tannic acid treatment and storeadr (Ay) and those
treated with tannic acid (200 mg/kg) and storedenrMAP (M,) after 15
days of refrigerated storage.

3.4.3 Effect of tannic acid in combination withoutand with MAP on the

microbiological changes of striped catfish slicesuting refrigerated storage

Total viable count (TVC) and psychrophilic bacrcount (PBC) of
the refrigerated striped catfish slices treatedheout and with tannic acid and packed
in air or under MAP are depicted in Figure 15 (a)l &), respectively. TVC and PBC
of all samples increased with increasing time ofaie (P<0.05). TVC and PBC of

the striped catfish slices stored in air increasgaidly from an initial value of 2.56 x
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10° to 2.43 x 18cfu/g and from 2.28 x f@o 2.09 x 16" cfu/g, respectively at the end
of storage (day 15). Generally,,Mhowed the lowest TVC and PBC at all storage
times tested (P<0.05). TVC and PBC of was higher than those of MP<0.05),
indicating that MAP alone was effective in retaglithe microbial growth of striped
catfish slices during refrigerated storage. Howgveite synergistic effect on
retardation of microbial growth was obtained whemnic acid was used in
combination with MAP. Tannic acid at higher concahbn rendered the higher
efficiency in retarding the growth of microorgansnAir-stored hake slice showed
higher TVC than MAP (50% C£ 45% N/ 5% Q) stored hake after 2 days of iced
storage (Pastorizet al., 1998). Bacteria grew more quickly in sardinesedoin air,
followed by those in vacuum packaging, and the kiveeunts were found in sardine
stored under MAP (Stamatis and Arkoudelos, 200@ra§e at low temperature in
combination with the presence of 60% Li@hibited both TVC and psychrophilic
bacterial growth in smoked trout fillets stored4aC (Sukraret al., 2006). CQ (30-
65%) has been reported to delay spoilage of fresh iy inhibiting psychrophilic,
aerobic and gram-negative bacteria (Huss, 197Z%-Rapillas and Moral, 2001). PBC
exceeded TVC for all the samples at each sampiing, indicating more pronounced
growth of psychrophilic bacteria in striped catfislices than the mesophilic bacteria
at refrigerated temperature. At day 0, PBC was drighan TVC, suggesting that
psychrophilic bacteria were the predominant micgaoisms in striped catfish
handled in ice after capture. Similar finding wagarted for pearl spot and rainbow
trout stored under MAP at refrigerated temperatufi@avi Sankaret al., 2008;
Arashisaret al, 2004).

TVC values of A exceeded 10cfu/g, considered as the upper limit for
the fish to be safe for consumption (ICMSF, 19&6)jay 12 of storage at 4 °C. Under
MAP conditions, TVC of samples did not reach thedue throughout the 15 days of
storage. Thus, from microbiological point of vieshelf-life of Ay (air stored striped
catfish slices without tannic acid treatments),(MAP stored samples without tannic
acid treatment) and MMAP stored samples with tannic acid (200 mg/kgatment)
was 9, 12 and 15 days, respectively. Past@iza. (1998) found that air-stored hake
slices had a shelf-life of 7 days, whereas it watereled up to 14 days for MAP-
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stored fish (50% C&¥ 45% N/ 5% Q) and to 16 days for MAP-stored fish dipped in
NaCl. Tannic acid could act as antimicrobial agéfaidi-Yahiaouiet al., 2008).
Taguriet al. (2004) reported the antibacterial activity of hylgsable tannins against
Salmonella aureuand Staphylococcudhus, the use of tannic acid at high level (200
mg/kg) in combination with MAP exhibited the synistig effect on the retardation of

microbial growth of striped catfish slices storedhe refrigerated temperature.
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Figure 15. Changes in total viable count (a) and psychropliéicterial count (b) in
striped catfish slices treated without and withniaracid stored in air and
under MAP (60%M / 35%CQ / 5%0). Bars represent the standard
deviation (n=3). Different small letters denotee #hgnificant difference
between the samples at the same storage time #<0.0
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3.4.4 Sensory evaluation

Hedonic scores of all attributes including colooglour, texture and
taste of the control sample kept in airp(Aand sample treated with tannic acid (200
mg/kg) stored under MAP (M are presented in Table 5. The scores of all sgnso
attributes continuously decreased with increastorpge time (P<0.05). There was no
difference in the scores of all sensory attribliesveen A and M up to day 3 of
refrigerated storage (P>0.05). Thereafter @xhibited the lower scores for all
attributes, especially colour and odour, as contgp@weM, (P<0.05). The change in
colour and development of rancidity and off-odourd, at day 9 was in accordance
with the exceeded limit of the bacterial countgy(Ri5 a and b) and increased TBARS
values (Fig. 11b). Bacteria play a major role shfspoilage by generating off-colours,
off-odours and an unacceptable visual appearantisho{Pastorizat al.,1998). Bak
et al. (1999) reported that rancidity scores for frozlenmps were significantly higher
for samples packed under atmospheric air, comparedmples packed under MAP.
Considering a score of 5 as the acceptable lilmi,shelf-life of striped catfish slices
treated with tannic acid (200 mg/kg) and kept unéi&P (M,) was 15 days. The
texture scores for sample packed under MAP andetieaith tannic acid (200 mg/kg)
(M2) were higher than that of control samples)(#°<0.05). This was in agreement
with the lower protein degradation in,Mample (Fig. 14). The higher odour and
colour scores were also found in.M his was related with the lower lipid oxidation i
Mo, in which rancidity was developed to a lower extémditionally, the deterioration
of M, was lowered due to the lower content of oxidatwoducts formed, which

might cause non-enzymatic browning reaction (eazil.,2009).
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Table 5.Hedonic scores of cooked striped catfidices without tannic acid treatment

and stored in air ( and those treated with tannic acid (200 mg/kg) an
stored under MAP (60%N 35%CQ / 5%Q) (My).

ttributes ample time ays
Attrib Sampl Bge time (days)
0 3 9 15
Colour Ao 7.83+0.74%  7.03+t0.6T°  4.80+1.03¢ NA
M, 7.90+0.99%  7.33+0.98°  6.83+1.11°¢ 5.60+0.98
Odour Ao 7.70+0.83%  6.83+0.97%  3.83+0.95° NA
M, 7.90+0.99%  7.27+0.98°  6.17+1.11°¢ 5.30+1.058
Taste Ao 7.70+0.74%  7.00+0.83%  5.50+0.94" NA
M, 8.03+0.80"  7.10+0.88°  6.20+1.24* 5.53+1.1%
Texture A, 7.90+0.67°  6.93+0.94? 5.23+1.38™ NA
M, 8.07+0.82%  7.30+1.17°  6.40+1.33° 5.73+0.92

Values are mean £ SD of scores of 30 panelistdei@ifit small letters in the same

column within same attribute denote the significdifference (P<0.05). Different

capital letters in the same row denote significhfierence (P<0.05). NA denotes “not

analysed”.

3.5 Conclusion

Shelf-life of refrigerated striped catfish slicepuld be extended
effectively by using tannic acid (200 mg/kg) in damation with MAP (60%N /
35%CQ / 5%0), which could retard the lipid oxidation and milera growth during
the extended storage. Thus, tannic acid acted gigtieally with MAP to maintain the

quality of refrigerated striped catfish slices.



CHAPTER 4

EFFECT OF BLEEDING ON LIPID OXIDATION AND QUALITY
CHANGES OF ASIAN SEABASS LATES CALCARIFER)
MUSCLE DURING ICED STORAGE

4.1 Abstract

Lipid oxidation, microbial load and fishy odour ddepment in the
slices of bled and un-bled Asian seabass duringdd$s of iced storage were
comparatively investigated. Bled samples showeddiver peroxide value (PV) and
thiobarbituric acid reactive substances (TBARS)otighout the storage period
(P<0.05). Bleeding effectively lowered total haemd anon-haem iron contents in
Asian seabass slices. The release of non-haem wam pronounced in un-bled
samples during the storage. Solid phase micro @xragas chromatography mass
spectrometric (SPME-GCMS) analysis revealed thatoled samples stored in ice for
15 day contained the lower amount of volatile coomus. Heptanal, the major
volatile compound detected in the un-bled samples, 4-fold higher than that of bled
counterparts. Aldehydic compounds including hexaoelanal, nonanal and nonenal
contents were also higher in the former. Bled sasiad the lower fishy odour,
compared with the un-bled counterparts during theage (P<0.05). The lower total
viable counts (TVC) and psychrophilic bacterial otsu(PBC) were observed in bled
samples, in comparison with un-bled ones (P<0.UBys, bleeding was a potential
means in retarding lipid oxidation, fishy odour d®pment and microbial growth of

Asian seabass slices during storage in ice.
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4.2 Introduction

Lipid oxidation is a major cause of quality déteaition in muscle-
based foods, where flavour, colour, texture anditmurtal value can be negatively
affected (Kanner, 1994; Gandemer and Meynier, 19BB¢ haem proteins including
haemoglobin (Hb) and myoglobin are potent catalgdtéipid oxidation in muscle
foods (Kanner, 1994). In contrast to mammalian igatis a major contributor to
lipid oxidation in fish and fish products, sincestblood is not practically removed
prior to processing (Richards and Hultin, 2002). fdbnd in the blood of fish can
accelerate lipid oxidation, which results in deystent of off-odour (Richards and
Hultin, 2002). During Hb autoxidation, active oxygean be generated (Richards and
Hultin, 2002). After being slaughtered, the iromratin the haem ring of the haem
proteins is primarily in the ferrous (+2) state.n@ersion of ferrous haem protein to
met (+3) haem protein (metHP) is a process knowmdexidation. Autoxidation
appears to be a critical step to enhance lipid aiiod since metHP reacts with
peroxides to stimulate the formation of compoundgable of initiating and
propagating lipid oxidation (Everse and Hsia, 19%0ditionally, haem or iron can be
released from the Hb during post-mortem handlind storage, thereby promoting
lipid oxidation (Richards and Hultin, 2002). Fistodd plasma contained 1.2-3 %
lipid, mainly found as lipoproteins (Richards andiltth, 2002), which could be a
source of oxidizable lipid. However, many composentblood plasma were able to
inhibit lipid oxidation (Richards and Hultin, 2002)

Generally, bleeding of fish is carried out to ehate most of blood
from the tissues. Immediate bleeding of live fisblags rigor-mortis as well as
softening compared to the flesh of untreated fisting) iced storage (Mochizukit al.,
1998; Andoet al., 1999; Terayama and Yamanaka, 2000). Without higgdihe
residual blood in fish tissues is one of the maictdrs inducing the development of
undesirable odour and unpleasant flavour of thé fiesh during ice storage
(Flechtenmacher, 1975). Terayama and Yamanaka J2@@0rted that mechanically
bled skipjack meat was highly valued due to itgirired colour and lack of fishy
odour as compared with the un-bled fish. Bleediras walso shown to retard lipid

oxidation of minced trout muscle during storag® &C (Richards and Hultin, 2002).
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However, no information regarding the effects addaling on postmortem changes of
Asian seabass, an economically important speciésedn countries exists. Thus, the
objective of this study was to investigate the @ffef bleeding on the retardation of
lipid oxidation, and development of fishy odour amicrobial growth in the intact

Asian seabass slice during iced storage.

4.3 Materials and Methods
4.3.1 Chemicals

Thioglycolic acid, cumene hydroperoxide, batho@mhroline
disulfonic acid, pentanal, hexanal, heptanal, adtand nonanal were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Sodiumociie, potassium iodide,
trichloroacetic acid, iron standard solution, ethlaand methanol were obtained from
Merck (Damstadt, Germany). Disodium hydrogen phasgh2-thiobarbituric acid,
ammonium thiocyanate, ferrous chloride, sodiumiteitand saturated sodium acetate
were purchased from Fluka Chemical Co. (Buchs, Z&ndnd). Plate count agar was
obtained from Hi-media (Mumbia, India). Chlorofomvas procured from Lab-Scan
(Bangkok, Thailand).

4.3.2 Bleeding and preparation of Asian seabass

Live Asian seabass were purchased from the Sdmgkhke,

Songkhla, Thailand. Fish were transported in ttevsger to the Department of Food
Technology, Prince of Songkla University within 1Upon arrival, live fish were bled
from caudal vein by cutting the tail. Fish werd ief seawater to bleed out completely
for 1 h. The un-bled fish were killed by ice-shauki Both bled and un-bled samples
were washed with tap water, descaled, dehead&teéiland cut into slices of 2-3 cm
thickness (Fig. 16). The slices from bled and wdbAsian seabass were packed
separately in polythene bags, sealed and kepeinsmg a slice/ice ratio of 1:2 (w/w).
Molten ice was removed every day and the same dyaftice was replaced. All
samples were taken for chemical analysis everyy3 flar 15 days. Microbiological

analysis was also performed at day 0, 3, 9 anavhBe the evaluation of fishy odour
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was carried out at day 0, 9 and 15. For the armlysivolatile compounds, bled and
unbled-samples stored in ice for 15 days were used.

oo

Figure 16.Photograph of the slices from bled (a) and un-fgdAsian seabass.

4.3.2 Chemical analysis

4.3.2.1 Peroxide value

Peroxide value (PV) was determined as per the mdath&ichards and
Hultin (2002) with a slight modification. Groundrsple (1 g) was mixed with 11 ml
of chloroform/methanol (2:1, v/v). The mixture wasmogenised at a speed of 13,500
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rpm for 2 min using an Ultra-Turrax T25 homogeniésnke and Kunkel, Staufen,
Germany). Homogenate was then filtered using WhatN@ 1 filter paper (Whatman
International, Ltd, Maidstone, England). Two nhiite of 0.5% NaCl was then added
to 7 ml of the filtrate. The mixture was vortexddaanoderate speed for 30 s using a
Vortex-Genie2 mixer 4 (Bohemia, NY, USA) and themtrifuged at 3,000 x g for 3
min using a RC-5B plus centrifuge (Beckman, JE-AVANFullerton, CA, USA) to
separate the sample into two phases. Two millibfreold chloroform/methanol (2:1)
were added to 3 ml of the lower phase. Twenty-fiverolitre of 30 % ammonium
thiocyanate and 25 pl of 20mM iron (ll) chloride r@eadded to the mixture (Shantha
and Decker,1994). Reaction mixture was allowed to stand for r@ih at room
temperature prior to reading the absorbance an&@0A standard curve was prepared
using cumene hydroperoxide at the concentratiogerah 0.5-2 ppm.

4.3.2.2 Thiobarbituric acid-reactive substancesIBARS)

Thiobarbituric acid-reactive substances (TBARSYyavdetermined as
described by Buege and Aust (1978). Ground sanfpieq) was mixed with 2.5 ml of
a TBA solution containing 0.375% thiobarbituric &cil5% trichloroacetic acid and
0.25 N HCI. The mixture was heated in a boilingevdbr 10 min to develop a pink
colour, cooled with running tap water and then satad for 30 min using an Elma (S
30 H) sonicator (Kolpingstr, Singen, Germany). Thigture was then centrifuged at
5,000 xg at 25 °C for 10 min. The absorbance ofthgernatant was measured at 532
nm. A standard curve was prepared using 1,1,3r8retthoxypropane (MAD) at the
concentration ranging from 0 to 10 ppm and TBARSenexpressed as mg of MAD

equivalents/kg sample.

4.3.2.3 Determination of total haem content

Total haem content was determined according toribthod of Gomez-
Basauri and Regenstein (1992a) with a slight meatiion. Ground sample (2 g) was
transferred into a 50 ml-polypropylene centrifugdda and 20 ml of cold 40 mM
phosphate buffer (pH 6.8) were added. The mixtuies womogenised with a

homogeniser at a speed of 13,500 rpm for 10 see.hbmogenate was centrifuged at
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300 for 30 min at 4 °C. The supernatant was filterdthva Whatman no.1 filter
paper. Total haem content was determined by dggettrophotometric measurement

at 525 nm using a UV-1601 spectrophotometer (Shomadyoto, Japan).

4.3.2.4 Determination of non-haem iron content

Non-haem iron content was determined as deschieithrickeret al.
(1982) with a slight modification. Ground sampleg)lwas placed in a screw cap test
tube and 5Qul of 0.39% (w/v) sodium nitrite was added. A mixui4 ml) of 40%
trichloroacetic acid and 6 N HCI (ratio of 1:1 [{/yprepared freshly) was added. The
tightly capped tubes were placed in an incubatekehat 65 °C (Memmert, D-91126,
Schwabach, Germany) for 22 h and then cooled dawooan temperature (25-30 °C)
for 2 h. The supernatant (4Q0) was mixed with 2 ml of the non-haem iron colour
reagent (prepared freshly). After vortexing anchdiag for 10 min, the absorbance
was measured at 540 nm. The colour reagent waswaepy mixing a 1:20:20 ratio
(wiviv) of: (1) bathophenanthroline disulfonic ad@ 162 g, dissolved in 100 ml of
double deionised water with 2 ml thioglycolic a¢@b-99%]); (2) double-deionised

water; and (3) saturated sodium acetate solution.

Non-haem iron content was calculated from iromddad curve. The
iron standard solution, ranging from 0 to 2 ppn@Q4l) was mixed with 2 ml of the
non-haem iron colour reagent. The concentrationarf-haem iron was expressed as

mg /100 g sample.

4.3.2.5 Determination of volatile compounds

Volatile lipid oxidation compounds in Asian seabasges were
determined by solid phase micro extraction-gas rolatography mass spectrometry
(SPME-GCMS) (lglesias and Medina, 2008).
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4.3.2.5.1 Extraction of volatile compounds by SPHIfibre

To extract volatile compounds, 3 g of slice wambgenised at a speed
of 13,500 rpm for 2 min with 8 ml of saturated Naflltra pure water. The mixture
was centrifuged at 2000 x g for 10 min at 4 °C. $hpernatant (6 ml) was heated at
60 °C with equilibrium time of 10 h in a 20 ml hepdce vial. Finally, the SPME fiber
(50/30 pm DVB/Carboxeff/PDMS StableFleX") (Supelco, Bellefonte, PA, USA)
was exposed to the head space of the vial contpithie sample extract and the
volatile compounds were allowed to absorb in thdMEHiber for 1 h. The volatile

compounds were then desorbed in the GC injectdrfpofl5 min at 270 °C.
4.3.2.5.2 GC-MS analysis

GC-MS analysis was performed in a HP 5890 seriesgds
chromatography coupled with HP 5972 mass seledetectors equipped with a
splitless injector and coupled with a quadrupolessndetector (Hewlett Packard,
Atlanta, GA, USA). Compounds were separated on mifwax capillary column
(Hewlett Packard, Atlanta, GA, USA) (30 m x 0.25 niy with film thickness of
0.25 um). The GC oven temperature program wasC3®P 3 min, followed by an
increase of 3 °C/min to 70 °C, then an increas0dfC/min to 200 °C and finally an
increase of 15 °C/min to a final temperature of 260and hold for 10 min. Helium
was employed as a carrier gas, with a constant #vl.0 ml/min. Injector was
operated in the splittess mode and its temperat@® set at 270 °C. Transfer line
temperature was maintained at 265 °C. The quadrupmss spectrometer was
operated in the electron ionization (EI) mode aodree temperature was set at 250
°C. Initially, a full scan mode data was acquirediétermine appropriate masses for
the later acquisition in selected ion monitoringM$ mode under the following
conditions: mass range: 25-500 amu and scan r&20 @/scan. All the analyses were
performed with ionization energy of 70 eV, filamamrhission current at 150 pA and

the electron multiplier voltage at 500 V.
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4.3.2.5.3 Analyses of volatile compounds

Identification of the volatile compounds in the §des was based on
the retention times of individual aldehydic stam$aincluding pentanal, hexanal,
heptanal, octanal and nonanal. Identification ad@ tompounds was also done by
consulting ChemStation Library Search (Wiley 275.u$ing Probability-Based
Matching (PBM) algorithm developed by Prof. Fred LMfferty and co-workers at
Cornell University. Quantitative determination weerried out by using an internal
calibration curve that was built using stock sano$ of the compounds in ultra-pure
water saturated in salt and analyzing them by tphtmized HS-SPME method.
Quantification limits were calculated to a singteroise (S/N) ratio of 10. The
identified volatile compounds related with lipididation were presented in the form

of normalized area under peak of each identifiedmaund.

4.3.3 Microbiological analysis

Fish slices (25 g) were collected aseptically st@macher bag and 10
volumes of sterile saline solution (0.85 g/100 wmére added. After homogenising in a
Stomacher blender (Stomacher M400, Seward Ltd. tMfagton, England) for 1 min,
a series of 10-fold dilutions was made using norseline solution (0.85%) for
microbiological analysis. Mesophilic and psychrdghibacterial counts were
determined by plate count agar (PCA) with the iratidm at 35 °C for 2 days
(Hasegawa, 1987) and 7 °C for 7 days (Coesial., 1992), respectively. Microbial

counts were expressed as log cfu/g.

4.3.4 Sensory analysis

The sensory evaluation was performed by 11 trajp@aelists, who
were the graduate students in Food Science anchdkgy programme with the age
of 25-33 years and were familiar with fish consuimmt Panelists were trained in two
sessions using a 10 point scale, where 0 represantéshy odour and 10 represented
the strongest fishy odour. Reference samples wegaped by storing Asian seabass
slices packed in polythene bags in ice for 0, 5ad0 15 days representing the score

of 0, 3, 7 and 10, respectively. Slices were plaoced glass cup (diameter of 4 cm)
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and covered with aluminium foil. Panelists werkeaisto sniff the headspace above

the samples after opening the cover and scoreathelss.

4.3.5 Statistical analysis

All experiments were run in triplicate. Completeindomized design
(CRD) was used for this study. The experimentah detre subjected to Analysis of
Variance (ANOVA) and the differences between meaase evaluated by Duncan’s
New Multiple Range Test (Steel and Torrie, 198@r pair comparison]J-test was
used. Data analysis was performed using a SPS&gadlsPSS 14.0 for Windows,
SPSS Inc, Chicago, IL, USA).

4.4 Results and discussion

4.4.1 Effect of bleeding on chemical changes of Asi seabass slices

during iced storage
4.4.1.1 Changes in PV and TBARS

Changes in PV and TBARS values of slices from kded unbled
Asian seabass during iced storage are shown inrd=igyi (a) and (b), respectively.
Continuous increase in PV was observed in bled Esmmproughout the storage of 15
days (P<0.05). For un-bled samples, the increag®/iwas noticeable during the first
9 days. Thereafter, no change in PV was found ugdatp 15 of storage (P>0.05).
When comparing PV of both samples, it was found E\a of un-bled samples were
higher than that of bled samples during the firdtdhys of storage (P<0.05). The
results suggested that the initiation and propagatf lipid oxidation were more
pronounced in the un-bled samples when comparddbled samples. After 9 days of
storage, hydroperoxide in the un-bled samples mighkiergo decomposition into the
secondary oxidation products at a similar rate wgHormation. This might result in
constant PV found in un-bled samples after day Stafage. A decrease in the level of
primary oxidation products is related to hydropétdexdegradation, leading to the

formation of secondary lipid peroxidation produ@sselli et al.,2005).
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Figure 17. Changes in PV (a) and TBARS (b) in the slices frioled and un-bled
Asian seabass during iced storage. Bars repreisergtandard deviation
(n=3).

TBARS values of the bled and un-bled samples aszéd as the storage
time increased up to 15 days (P<0.05), excepthferformer, in which TBARS kept
constant after day 12 (P>0.05). Un-bled samplgdaled the formation of TBARS at
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higher rates compared with the bled samples thrmouigthe storage (P<0.05). The
result was in accordance with Richards and HuR®@OQ) who reported that TBARS
values were greater in un-bled minced trout thaa lmounterparts during storage for
15 days at 2 °C.

The malonaldehyde and 4-hydroxyhexenal contentiserbled skipjack
were lower than that found in the control (un-bledinple after 2 days of storage at 0
°C (Sakaiet al., 2006). Hb in fish muscle was reported to accedeligid oxidation
(Richards and Hultin, 2002; Terayama and YamanaRA0; Richardst al., 2002;
Richards and Li, 2004). Apart from Hb, the fish dioalso contain large amount of
white blood cells, which can also generate supdeyxhydrogen peroxide and
hydroxyl radical (Gabig and Babior, 1981) and lipggnase products (Pettdt al.,
1989), which are known to enhance the lipid oxwlatiTherefore, bleeding of fish
decreased the Hb content and white blood cells wemeoved from the muscle.
Consequently, lipid oxidation in the bled samplesld be retarded as evidenced by
the lower PV and TBARS in the bled samples.

4.4.1.2 Effect of bleeding on the formation ofesondary lipid
oxidation products in the Asian seabass slices

Formation of secondary lipid oxidation productstie slices prepared
from bled and un-bled Asian seabass obtained afLBayf iced storage is depicted in
Figure 18. Fish muscle contained high amount ofyr@daturated fatty acids (PUFAS),
which are prone to oxidation. Oxidation of PUFAskisown to produce volatile
aldehydic compounds including hexanal, heptanakara, etc (Yasuhara and
Shibamoto, 1995). Aldehydes are the most promimetatiles produced during lipid
oxidation and have been used successfully to folipw oxidation in a number of
foods, including muscle foods (Ross and Smith, 20@énong all the aldehydic
compounds, heptanal, octanal and hexanal were fasiide major aldehydes in Asian
seabass slices. Pentanal, nonanal and 4-ethylioehyale were also found in both
samples. Aldehydes have been used as the indicattdipid oxidation because they
possess low threshold values and are the majorilcotars to the development of off-
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flavor and odour (Ross and Smith, 2006; Beydal., 1992). Additionally, they also
are the degradation products of microbiological ahetism reactions (Girard and
Nakai, 1994). Aldehydes generated from oxidatioactiens of fatty acids are
frequently related with the off-odours (McGeit al.,1974). Propanal and heptanal
can serve as a reliable indicator of flavour detation for fish products, while
hexanal contributes to the rancidity in meats (Asiguet al., 2006; Ross and Smith,
2006). For all aldehydic compounds except pentahal higher amounts were found
in the un-bled samples compared with the bled @patts. The peak area of heptanal
was 4-folds higher in un-bled samples (22.03 %meared with that of bled samples
(6.6 %) (P < 0.05) (Fig. 18). Certain fishy odoarthe cold stored cod, cold stored
butter and rancid soybeans have been reported toabsed by the presence of
hepatanal in these products (Karahadian and Lind€89). The results indicated that
lipid oxidation and greater decomposition of hydrgxides formed was more
pronounced in the un-bled samples. Autoxidatiorpalyunsaturated fatty acids and
triglycerides in fish leads to formation of aldekgdwhich can produce off-odours,
thereby limiting the shelf-life of the fish (Boyt al.,1992). Rancidity developed from
the autoxidation of lipids leads to unacceptabildfy the product by consumer

depending on the oxidation level occurred (Iglesiagd Medina, 2008).

Various alcohols were detected in slices from ba#d and un-bled
samples. Alcohols were the secondary products pemtilby the decomposition of
hydroperoxide (Girand and Durance, 2000). Simisels of alcohols were found in
both samples, however, 1-hexanol was absent iblgtesamples (Fig. 18). 8-carbon
alcohols are known to be present in all speciefisbf (Josephsoret al., 1984). 1-
octen-3-ol, which imparts a desirable mushroom-tiker besides green and plant-like
aromas in fish (Josephsen al., 1986), tends to be higher in bled samples, condpare
with un-bled samples. Un-bled samples also haditjeer 3, 5, octadien-2-one than
bled counterpart. Ketone is another secondary bgidation product derived from the
decomposition of hydroperoxide in the chilled fistuscle (lglesias and Medina,
2008). In general, the lower amount of secondaridaion products including
aldehydes, alcohols and ketones in the bled sanm@ssn accordance with the lower
PV and TBARS (Fig. 17 a and b).
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The peak area of 2-ethylfuran found in un-bled @as was higher
when compared with bled counterparts (Fig. 18).th34&uran is formed by the
decomposition of 12-hydroperoxide of linolenate:883), the 14-hydroperoxide of
eicosapentaenoate (20:5n-3) and the 16-hydroperm{idocosahexaenoate (22:6n-3),
which can undergo 3-cleavage to produce a conjdgéieme radical which can react
with oxygen to produce a vinyl hydroperoxide. Clage of the vinyl hydroperoxide
by loss of a hydroxyl radical, forms an alkoxyl icad, that undergoes cyclisation, thus
producing 2-ethylfuran (Medinat al., 1999). Thus, the bleeding was found to be
effective in retarding the formation of secondapid oxidation products in Asian

seabass slices during iced storage.
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Figurel8. Normalized peak area of the secondary lipid oxidatcompounds
identified by SPME-GCMS technique in the slicesrirbled and un-bled

Asian seabass stored in ice for 15 days.

4.4.1.3 Changes in total haem and non-haem iron ciamts

Changes in total haem and non-haem iron contensticafs from bled
and un-bled Asian seabass during iced storagehmwnsin Figure 19 (a) and (b),
respectively. At day 0, bled samples showed thestaatal haem content than that of
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un-bled counterparts (P<0.05). This confirmed thatblood was effectively removed
from the muscle via bleeding. Blood contains a héghount of Hb, a major haem
protein. Hb is made up of four polypeptide chainghveach chain containing one
haem group; each haem consisted of an iron atomdic@bed inside the haem ring
(Richards et al., 2007). Total haem content of un-bled samples dseck with
increasing storage time throughout the storagebofldys (P<0.05). However, total
haem content of the bled sample were not changadgdthe first 6 days of storage
(P>0.05). Thereafter, a gradual decrease was fountitl the end of storage period
(P<0.05) (Fig. 19a). Decreases in total haem contéh increasing storage time were
probably due to a haem breakdown, resulting in rtblease of non-haem iron
(Benjakul and Bauer, 2001). Alternatively, the asled iron can stimulate lipid
oxidation (Tappel, 1955). Haem proteins became sedsble as the fish undergoes
deterioration, leading to the decreased total heemtent (Chen, 2003; Chaijan al.,
2005). During the storage, total haem content efuh-bled samples was higher than
that of the bled samples (P<0.05). Haem has bephcated as a potent promoter of
lipid oxidation primarily through the decompositio lipid hydroperoxides to form
free radicals capable of abstracting hydrogen atiooms fatty acids and hence initiate
lipid oxidation (Tappel, 1955). Thus, bleeding oki&n seabass resulted in the

removal of haem from the muscle to some degree.

For non-haem iron content, bled samples had tverlmon-haem iron
content than un-bled counterparts at day 0. Nogésim non-haem iron content were
observed in both samples within the first 3 daystofage (P>0.05). Slight increase in
non-haem iron content was found in bled samplegreds the marked increase was
obtained in un-bled counterparts after 3 daysaksfe (Fig.19b). The increase in non-
haem iron content with increasing storage period eaancidental with the decrease in

total haem content during the storage (Fig. 19a).
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Figure 19. Changes in total haem content (a) and non-haemciooitent (b) in the
slices from bled and un-bled Asian seabass dured storage. Bars
represent the standard deviation (n=3). Differemital letters within the
same storage time denote the significant differer{®x0.05). Different
small letters within the same sample denote sicpnifi differences
(P<0.05).

These results suggested that the disruption oplgoin ring more
likely occurred during extended storage. As a teshé release of free iron became

pronounced, especially with the longer storage .tidecker and Hultin (1990a)
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suggested that haem pigment or other iron-contgingmoteins were possibly
denatured with increasing storage time, resultmthe release of iron. The increase in
non-haem iron of fish muscle during refrigeratisraireflection of the degradation of
haem (Gomez-Basauri and Regenstein, 1992b). Damagm®rphyrin ring during
storage was suggested as the cause of the breakofoWwaem molecules and the
release of iron (Gomez-Basauri and Regenstein, d)98®n-haem iron content of the
un-bled samples was higher than that of bled sapleughout the storage (P<0.05).
The higher non-haem iron content correlates wath vthe higher rate of lipid
oxidation in the un-bled samples as reflected ghéi PV and TBARS (Fig. 17 a
and b).

Non-haem iron has been reported to act as prooidahe fish muscle
(Kanneret al.,1991). Metal ion, especially Feand F&*, has shown their proxidative
activity in the muscle system (Love, 1983). Tha@ase of non-haem iron could have
some important consequences affecting both theitional and technological
properties of fish muscle. The degradation of ha@m would reduce the nutritional
value of fish in terms of bioavailability of irosjnce haem iron is more available than
non-haem iron (Hunt and Roughead, 2000). Thusdiiigecould be a means to lower
the contents of total haem and non-haem iron dmutinig to lipid oxidation of Asian

seabass slices during extended storage.

4.4.2 Effect of bleeding on microbiological changeof Asian seabass
slices during iced storage

Total viable count (TVC) and psychrophilic bacdrcount (PBC) of
the slices from bled and un-bled Asian seabassgluded storage are depicted in
Figure 20 (a) and (b) respectively. TVC and PBGlmies from both bled and un-bled
samples increased with increasing time of stor&g®.05). TVC and PBC of un-bled
samples increased rapidly from the initial valu€9.63 x 1Gto 1.21 x 16and from
0.84 x 1Gto 2.69 x 18 cfu/g, respectively.
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Figure 20. Changes in total viable count (TVC) (a) and psgphilic bacterial count
(PBC) (b) in the slices from bled and un-bled Assgabass during iced
storage. Bars represent the standard deviation).(ri3i8erent capital
letters within the same storage time denote thaifgignt differences
(P<0.05). Different small letters within the samample denote

significant differences (P<0.05).
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TVC and PBC of un-bled samples were higher theaat tf bled
samples throughout the storage (P<0.05), suggestmgbleeding was effective in
retarding the growth of bacteria in the slices. &léwless, bleeding had no impact on
both TVC and PBC in slices at day 0. Thereaftex,litbth TVC and PBC were found
in higher number in un-bled samples when compaiiéd led counterparts (P<0.05).
The blood enriched with nutrients for microbial wth could induce the enumeration
of bacteria, which were contaminated from skinlsgWiscera or environment during
dressing of the Asian seabassVicrococcus Corynebacterium, Bacillus,
Pseudomonas, Vibrio, Aeromonasd Flavobacterium-Cytophagaere prevalent in
skin and gill of healthyAsianseabass (Loganathahal., 1989).Blood of fish such as
carp, big head carp and grass carp has an averaigénpcontent of 27.5 % and blood
glucose level of 65 %Atanasoveet al.,2008). Fish blood agar (FBA) prepared from
blood of Nile tilapia was proved as a good mediwnthe growth of bacteria like
Streptococcus inig\cinetobacter calcoaceticuStaphylococcus  epidermidis
andEdwardsiella tarda(Pasniket al., 2005).Thus, the blood present in the un-bled
sample provides a suitable substrate for the graivthicroorganisms as evidenced by
higher TVC and PBC throughout the storage of 15sdayC values of un-bled
samples exceeded 16fu/g, the upper limit for the fish to be safe fmnsumption
(ICMSF, 1986), at day 15 of iced storage, whiledbdamples did not reach this limit
up to 15 days. At day 9 and 15, it was found tHACRvas higher than TVC in both
samples. Psychrophilic bacteria became dominantthednhibition of mesophilic
bacteria occurred at the low temperature was predurirom the microbiological
point of view the shelf-life of bled and un-bledngaes was 15 and 9 day,
respectively. Therefore, bleeding could retardghmnth of bacteria by devoiding the
nutrients for their growth.

4.4.3 Effect of bleeding on fishy odour developmerf Asian seabass slices

during iced storage

Fishy odour intensity of the slices prepared from bled am-bled
Asian seabass during iced storage are depictedjurd=21. Fishyodour intensity of
both bled and un-bled samples increased with isargastorage time (P<0.05). Un-
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bled samples had higher intensity of fisbgour than that of the bled samples
throughout the storage (P<0.05). The greater dpuatnt of fishy odour in un-bled
samples correlated well with the higher formatiémBARS (Fig 17b) and secondary
lipid oxidation compounds (Fig. 18) in the un-bledmples. Richards and Hultin
(2002) reported that mince from un-bled trout Hael greater rancidity scores than the
bled trout during 15 days of storage at 2 °C. Blagdf Atlantic mackerel reduced the
rancidity development during storage at 2 °C. At 8aaround 40 % of mince from
bled Atlantic mackerel had a rancid odour as coexgbao 100 % of mince from un-
bled sample (Richards and Hutlin, 2002). Bled Asseabass slices stored for 9 days
had the fishy odour similar to that of fresh sli¢gay 0). The results suggested that the
bleeding could retard the development of fishy adabich was mainly associated
with the lipid oxidation. The off-odour developed the fish muscle due to lipid
oxidation was considered as fishy (Eual.,2009). At day 15, the intensity of fishy
odour developed in the un-bled samples was highemwas due to off-odour
contributed by both lipid oxidation and microbigloflage in the un-bled samples.
Bacteria play a major role in fish spoilage by gatiag off-odours and an
unacceptable visual appearance of fish (Pastaizal., 1998). Thus, the bleeding
reduced the fishy odour development to some exdening iced storage of Asian

seabass slices.
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Figure 21. Fishy odour scores of the slices prepared frond bled un-bled Asian
seabass during iced storage. Bars represent thdasthdeviation (n=11).
Different capital letters within the same storagmet denote the
significant differences (P<0.05). Different smadttérs within the same
sample denote significant differences (P<0.05).

4.5 Conclusion

Oxidation of lipid mediated by haem along with noisial growth was
the main cause of the development of fishy odouhe Asian seabass slices during
iced storage. Thus, the bleeding of the Asian s=aban be effective practice to retard
lipid oxidation, fishy odour development as well th& growth of microorganism

during iced storage.



CHAPTER 5

COMPARATIVE STUDIES ON MOLECULAR CHANGES AND PRO-
OXIDATIVE ACTIVITY OF HAEMOGLOBIN FROM DIFFERENT
FISH SPECIES AS INFLUENCED BY pH

5.1 Abstract

Oxygenation, autoxidation as well as pro-oxidatiaetivity of
haemoglobins from tropical fish (Asian seabasapid and grouper) as influenced by
different pH (6, 6.5 and 7) were comparatively stdd Relative oxygenation of all
haemoglobins decreased in the acidic conditionseentdglobin from seabass was
more oxygenated and stable against autoxidatidmotit pH 6 and 7, compared to
those from tilapia and grouper. Haemoglobin fromapia and grouper was fully
oxidised at pH 6 after 120 h. Lipid oxidation of sh@d Asian seabass mince added
with haemoglobin from various fish at different @B, 6.5 and 7) was monitored
during 10 days of iced storage. Haemoglobins acateld lipid oxidation more
effectively at pH 6, compared with pH 6.5 and 7raficated by the higher peroxide
value (PV) and thiobarbituric acid reactive substan(TBARS). At the same pH
values, haemoglobins from tilapia and grouper weoee pro-oxidative than that from
Asian seabass as evidenced by the higher PV andRBEB@<0.05). Volatile lipid
oxidation compounds detected by gas chromatograpaygs spectrometry (GC-MS)
were also formed at higher rate in the washed maumked with haemoglobin from
tilapia or grouper with coincidental stronger fistbgour development, compared to the
control and that added with haemoglobin from Asieabass. Thus, lipid oxidation in
fish muscle was more likely governed by haemoglphinose pro-oxidative activity

varied depending upon the pH as well as moleculgpaaties of haemoglobin.
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5.2 Introduction

Lipid oxidation is a major cause of quality debeation in fish muscle.
Deterioration of flavour, odour, colour, texturenda the production of toxic
compounds can arise from lipid oxidation (Kanne994). Haemoglobin has been
known to be an effective catalyst of lipid oxidatidAdditionally, haemoglobin can be
a source of activated oxygen associated with itsxddation, and haem or iron can be
released from the protein to promote lipid oxidat(®ichards and Hultin, 2002). The
iron atom in the haem ring of haem proteins is prily in the ferrous (+2) state.
Conversion of ferrous haem protein to met (+3) texpart is a process known as
autoxidation (Richards and Dettmann, 2003). Autati@h appears to be a critical step
in the ability of haem proteins to stimulate lipakidation since methaemoglobin
reacts with peroxides to stimulate the formationcompounds capable of initiating
and propagating lipid oxidation (Everse and HsR97). It was reported that human
haemoglobin stimulated the oxidation of linoleigdaonly slightly at pH 7.4, but the
rate was increased considerably at pH 6.5 (Gugeri@987). Nevertheless, pH values
below neutrality are typical of post mortem fishsule and vary with the fish species.
As a consequence, different fish can be pronepid bxidation at different degrees,

depending on the post mortem pH.

Acceleration of lipid oxidation by pH reduction wid be due to
enhanced autoxidation of haemoglobin at reduced (pburuga et al., 1998).
Haemoglobin autoxidation causes the production wfesoxide anion radical and
methaemoglobin from ferrous oxyhaemoglobin (Misrad aFridovich, 1972).
Dismutation of superoxide anion radical can prodhgelrogen peroxide, which
activates methaemoglobin as an initiator of lipergxidation (Harel and Kanner,
1986). Lowering the oxygenation of haemoglobin wasind to enhance the
autoxidation of haemoglobin (Balagopalakristetaal., 1996). Binding of oxygen by
haemoglobins in rainbow trout decreased as pH waered (Binottiet al., 1971).
Thus, lowering pH more likely prevents oxygenatafrhaemoglobin and can promote

lipid oxidation via acceleration of haemoglobin@utation.
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Fish haemoglobins operate under much greater tiarg in their
environmental conditions than haemoglobins frombagathing vertebrates (Weber,
2000). Depending on fish species and developmesitade of the fish, there are
sometimes more than one electrophoretically distiocm of haemoglobin with
varying responses to pH and catalytic propertiaggg® 1970). A more rapid rate of
autoxidation was detected in haemoglobins from eater fish as compared to warm
water fish (pH 7, 20 °C) (Wilson and Knowles, 198Hagfish had the lower
haemoglobin autoxidation rates as compared to ¢ana, and lamprey. Knowledge
regarding the pro-oxidative activity of haemogloliiom different fish species can be
useful in developing the species-specific antiotidastrategies to retard the lipid
oxidation and increase the shelf-life of fish anshfproducts. Nevertheless, only
haemoglobins from temperate or cold water fish ha@en evaluated for their pro-
oxidative activities. No information on moleculaoperties and pro-oxidative activity
of haemoglobins from tropical fish has been remgbrighus, the aim of this study was
to evaluate autoxidation rate and pro-oxidativevagtof haemoglobins from different
tropical fish species, including freshwater, brabkiand marine water fish, in the

washed mince, as affected by pH.

5.3 Materials and methods
5.3.1 Chemicals

Cumene hydroperoxide, streptomycin sulphate, sodibeparin,
pentanal, hexanal, heptanal, octanal and nonanaé werchased from Sigma
Chemical Co. (St. Louis, MO, USA). Sodium chloridgotassium iodide, tris
[hydroxy-methyl] aminomethane (Tris) and trichlocetic acid were obtained from
Merck (Damstadt, Germany). Disodium hydrogen phatph2-thiobarbituric acid,
ammonium thiocyanate and ferrous chloride were ymext from Fluka Chemical Co.
(Buchs, Switzerland). Chloroform and methanol wertstained from Lab-Scan
(Bangkok, Thailand). All chemicals used were oflgieal grade.
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5.3.2 Fish supply and bleeding

Live Asian seabasd &tes calcarife), tilapia (Oreochromis niloticus
and grouper Epinephelus itajara were purchased from fish farms, Songkhla,
Thailand. All live fish were transported to the Rejment of Food Technology, Prince
of Songkla University within 1 h. Upon arrival, tiish were bled from the caudal
vein after the tail was cut off. Blood (15 ml) weallected in a 20 ml glass test tube
rinsed with 150 mM NaCl containing sodium hepaB0 (J/ml). The collected blood

was stirred continuously in order to avoid the edatjon of blood.

5.3.3 Preparation of haemolysates

Haemolysates were prepared according to the meth&ichards and
Hultin (2000). Four volumes of cold 1.7 % NaCl imiM Tris buffer, pH 8.0, were
added to heparinised blood. This mixture was ciergied at 700 xj for 10 min at 4 °C
using a RC-5B plus centrifuge (Beckman, JE-AVANHUlerton, CA, USA). Plasma
was then removed. Red blood cells were washed bgesuling three times in 10
volumes of 1 mM Tris buffer (pH 8.0) and centrifagiat 700g for 10 min. Cells
were lysed in 3 volumes of 1 mM Tris buffer, pH 8@ 1 h. One-tenth volume of 1
M NaCl was then added to aid in stromal removabteetentrifugation at 28,00ffor
15 min at 4 °C. Prepared haemolysate was storetD&iC and was thawed just before

it was used.

5.3.4 Quantification of haemoglobin

Haemoglobin content was determined following thethod described
by Richards and Hultin (2000) with a slight modifion. The haemolysate was
diluted in 50 mM Tris buffer (pH 8.0) to obtain thésorbance of 0.5-0.6 at 415 nm.
Approximately 1 mg of sodium dithionite was addedhe sample (2 ml) and mixed
thoroughly. The sample was bubbled with oxygenwds a purity of 99.5 % to 100
% (TTS Gas Agency, Hat Yai, Songkhla, Thailand) I06r min. Prepared sample (2
ml) was transferred to a 3 ml disposable cuvettee dbsorbance of the sample was
then measured at 415 nm against a blank, whichagwd only buffer, using a UV-
1601 spectrophotometer (Shimadzu, Kyoto, Japang. fdemoglobin concentration
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was calculated by Lambert-Beer’s law using a mitlian extinction coefficient of 125

for oxyhaemoglobin at pH 8 (Antoni and Brunoni, 197

5.3.5 Haemoglobin oxygenation

The affinity of different haemoglobins for oxyg&ras determined by
scanning the haemolysate solutions (6 M) in 50 saium phosphate buffer with a
pH range of 6 to 8 from 640 to 500 nm using a U\@1l8pectrophotometer (Pazeis
al., 2005a). The blank was also prepared as previalesgribed. The absorbance at
the peak (574 nm) minus the absorbance at theyv@®0 nm) was recorded and this
difference was used as a measure of oxygenatiamlarge differences indicated that

the haemoglobin was highly oxygenated (PelsteVdeter, 1991).

5.3.6 Haemoglobin autoxidation

Haemoglobin autoxidation was monitored as pemtie¢hod described
by Pazo<t al. (2005a) with some modifications. Different haensales were diluted
to a final concentration of 6 uM in 50 mM sodiumopphate buffer, pH 6 and 7. The
diluted haemolysates (5 ml) were transferred tai¢setubes and stored in the ice. To
follow haemoglobin autoxidation over the specifigetriod of time, different
haemolysate solutions, pH 6 and 7 were monitorethi®changes in spectra from 500
to 630 nm up to 5 days of iced storage. The blavéee prepared using only the buffer
having the same pH with the samples.

5.3.7 Preparation of washed mince

Live fresh Asian seabasksates calcarifey with an average weight of 1
kg, purchased from a fish farm, Songkhla, Thailand transported to the Department
of Food Technology, Prince of Songkla Universitghin 1 h. Upon arrival, fish were
washed with chilled tap water, descaled, filletdd;skinned and minced using a
mincer with a hole diameter of 5 mm. The mince wasshed twice in ice cold
distilled water at a mince-to-water ratio of 1:3/ () by stirring continuously with a
plastic rod for 2 min. The mixture was allowed targl for 15 min, followed by

dewatering on a fiberglass screen. The mince was thixed with 50 mM sodium
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phosphate buffer (pH 6.0, 6.5, and 7.0) at a mind&r ratio of 1:3 and homogenised
using an Ultra-Turrax T25 homogeniser (Janke andki€l Staufen, Germany) for 1
min. It was allowed to stand for 15 min and thentgfiged at 15000 x for 20 min

at 4 °C. The resulting pellet was referred to assiaed mince”. The final moisture
content of the washed mince was adjusted to 88 Hé.fihal pH was monitored by
usinga pH-meter (Sartorious North America, Edgewood, N'6A) and was adjusted,

if required.

5.3.8 Effect of haemolysate addition on lipid oxid@on of washed mince
at different pH

To study the impact of haemolysate from differistt species on lipid
oxidation, a known volume (10 ml) of different haslgsates were added into washed
mince (100 g) with different pH to obtain a financentration of 6 uM of Hb/ kg of
washed mince. For the control samples, the haemtelysas replaced by the same
volume of distilled water. Streptomycin sulphatesvealded in the washed mince to
obtain a final concentration of 200 ppm in ordeirtoibit the microbial growth. The
samples were mixed manually. Washed mince (10(0g)aming haemolysate from
different fish species with different pH (6, 6.5daid) was packed in the separate
polyethylene bags (14 x 8 én Three different polyethylene bags were randomly
taken for each sampling time. The samples weredtor ice using a mince/ice ratio
of 1:2 (w/w). Molten ice was removed every day d@hd same quantity of ice was
replaced. Samples were taken for peroxide valug @\ thiobarbituric acid reactive
substances (TBARS) determination every 2 days ufDtdays, whilst the evaluation
of fishy odour was carried out at day 0, 2, 6 afd Xolatile compounds in the

samples were determined at the end of storage §tiagy10).

5.3.9 Analyses
5.3.9.1 Peroxide value

Peroxide value (PV) was determined as per the rdath&®ichards and
Hultin (2002) with a slight modification. Washedmoe (1 g) was mixed with 11 ml of

chloroform/methanol mixture (2:1, v/v). The mixtun@s homogenised at a speed of
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13,500 rpm for 2 min. Homogenate was then filtarsithg Whatman No. 1 filter paper
(Whatman International, Ltd, Maidstone, England)wo millilitres of 0.5 % NacCl
were then added to 7 ml of the filtrate. The migtwas vortexed at a moderate speed
for 30 s using a Vortex-Genie2 mixer 4 (Bohemia,,N)SA) and then centrifuged at
3,000 x g for 3 min to separate the sample into plvases. Two millilitres of cold
chloroform/methanol (2:1) mixture were added to Bomthe lower phase. Twenty-
five microlitres of 30 % ammonium thiocyanate ad.2 of 20 mM iron (Il) chloride
were added to the mixture (Shantha and Ded&94). Reaction mixture was allowed
to stand for 20 min at room temperature prior tadreg the absorbance at 500 nm. A
standard curve was prepared using cumene hydragerax the concentration range

of 0.5-2 ppm.
5.3.9.2 Thiobarbituric acid-reactive substancesIBARS)

Thiobarbituric acid-reactive substances (TBARSYyavdetermined as
described by Buege and Aust (1978). Washed minéeg)Owas mixed with 2.5 ml of
a TBA solution containing 0.375% thiobarbituric &cil5% trichloroacetic acid and
0.25 N HCI. The mixture was heated in a boilingevdbr 10 min to develop a pink
colour, cooled with running tap water and then satad for 30 min using an Elma (S
30 H) sonicator (Kolpingstr, Singen, Germany). Thixture was then centrifuged at
5,000 xg at 25 °C for 10 min. The absorbance ofthgernatant was measured at 532
nm. A standard curve was prepared using 1,1,3r8retthoxypropane (MAD) at the
concentration ranging from 0 to 10 ppm and TBARSenexpressed as mg of MAD

equivalents/kg sample.
5.3.9.3 Determination of volatile compounds

Volatile lipid oxidation compounds in washed mingghout and with
the addition of haemoglobin from different fish sjgs and stored in ice for 10 days
were determined by solid phase micro extraction-gdggomatography mass
spectrometry (SPME-GCMS) (lglesias and Medina, 2008
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5.3.9.3.1 Extraction of volatile compounds by SPHIfibre

To extract volatile compounds, 3 g of sample wamdgenised at a
speed of 13,500 rpm for 2 min with 8 ml of ultrar@uvater. The mixture was
centrifuged at 2000 x g for 10 min at 4 °C. Theesnptant (6 ml) was heated at 60 °C
with equilibrium time of 10 h in a 20 ml headspagal. Finally, the SPME fibre
(50/30 pm DVB/Carboxeff/PDMS StableFleX") (Supelco, Bellefonte, PA, USA)
was exposed to the head space of the vial contpitiie sample extract and the
volatile compounds were allowed to absorb in thdMEHibre for 1 h. The volatile

compounds were then desorbed in the GC injectdrfpof5 min at 270 °C.
5.3.9.3.2 GC-MS analysis

GC-MS analysis was performed in a HP 5890 seriesgds
chromatography coupled with HP 5972 mass seledetectors equipped with a
splitless injector and coupled with a quadrupolessndetector (Hewlett Packard,
Atlanta, GA, USA). Compounds were separated on mifwax capillary column
(Hewlett Packard, Atlanta, GA, USA) (30 m x 0.25 niy with film thickness of
0.25 um). The GC oven temperature program wasC3®P 3 min, followed by an
increase of 3 °C/min to 70 °C, then an increasE0dfC/min to 200 °C and finally an
increase of 15 °C/min to a final temperature of 260and hold for 10 min. Helium
was employed as a carrier gas, with a constant #vl.0 ml/min. Injector was
operated in the splittess mode and its temperat@® set at 270 °C. Transfer line
temperature was maintained at 265 °C. The quadrupmss spectrometer was
operated in the electron ionisation (El) mode aowurce temperature was set at 250
°C. Initially, a full scan mode data was acquirediétermine appropriate masses for
the later acquisition in selected ion monitoringM$ mode under the following
conditions: mass range: 25-500 amu and scan r&20 @/scan. All the analyses were
performed with ionisation energy of 70 eV, filameamission current at 150 pA and

the electron multiplier voltage at 500 V.
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5.3.9.3.3 Analyses of the volatile compounds

Identification of the volatile compounds in the §des was based on
the retention times of individual aldehydic stamt$aincluding pentanal, hexanal,
heptanal, octanal and nonanal. Identification ad@ tompounds was also done by
consulting ChemStation Library Search (Wiley 275.u$ing Probability-Based
Matching (PBM) algorithm developed by Prof. Fred LMfferty and co-workers at
Cornell University. Quantitative determination weerried out by using an internal
calibration curve that was built using stock sano$ of the compounds in ultra-pure
water and analysing them by the optimised HS-SPMithod. Quantification limits
were calculated to a single-to-noise (S/N) ratid@f Repeatability was evaluated by
analysing three replicates of each sample. Thetifthvolatile compounds related
with lipid oxidation were presented in the formrafrmalised area under peak of each

identified compound.

5.3.9.4 Sensory analysis

The sensory evaluation was performed by 8 trapeeklists, who were
the graduate students in Food Science and Technplogramme with the age of 25-
33 years and were familiar with fish consumptiomnélists were trained in two
sessions using a 10 point scale, where 0 represantéshy odour and 10 represented
the strongest fishy odour. Reference samples wegaped by storing Asian seabass
slices packed in polythene bags in ice for 0, 5ad0 15 days representing the score
of 0, 3, 7 and 10, respectively. To test the samplee panelists were asked to open
the sealable polyethylene bags and sniff the heam#s@bove the samples. The

samples were then scored.

5.3.10 Statistical analysis

All experiments were run in triplicate. CompleteBndomized design
(CRD) was used for this study. The experimentah datre subjected to Analysis of
Variance (ANOVA) and the differences between meaase evaluated by Duncan’s

New Multiple Range Test (Steel and Torrie, 198@r pair comparison]-test was
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used. Data analysis was performed using a SPS&gadlsPSS 14.0 for Windows,
SPSS Inc, Chicago, IL, USA).

5.4 Results and discussions

5.4.1 Effect of pH on oxygenation and autoxidatiorof haemoglobins

from various fish

The relative oxygenation of haemoglobin from Asgmabass, tilapia
and grouper at pH ranging from 6 to 8 is shownigufe 22. The affinity for oxygen
of all haemoglobins decreased with decreasing pHQ(B5). A marked decrease was
observed when pH shifted from 7 to 6.5. A simpattern of oxygen affinity in pH
range of 6 to 8 was found in cod haemoglobin (Paztosl, 2005a) and trout
haemoglobin (Richards and Hultin, 2000). The oxyg®em of haemoglobin generally
decreases in the acidic environment, known as thbr Rffect (Stryer, 1988a).
Therefore, ability of different haemoglobins to #i, was more pronounced in the
neutral pH or slightly alkaline pH range. At thexeapH tested, haemoglobins from
various fish species showed different affinity tmd oxygen. Haemoglobin from
Asian seabass exhibited the higher affinity for gety than those from grouper and
tilapia, respectively. Undelanet al. (2004) also found that the haemoglobin from
mackerel, menhaden, flounder and pollock showedeéréifices in their affinity to bind
oxygen. Among all, menhaden haemoglobin had thedsigaffinity for oxygen. The
results suggested that the postmortem pH mosylikatl the impact on the change in
haemoglobin, particularly their oxygenation. The phange of fish muscle might
determine the molecular properties of haemogloaing have influence on the quality
of fish muscle. Generally, pH of fish muscle grdtudecreases at the beginning of
storage, mainly associated with the lactic aciddpoed via anaerobic respiration
(Hultin and Kelleher, 2000). However, the slightr@ase in pH has been reported in
fish muscle, caused by the formation of volatilsdsmproduced by microorganisms,

particularly during the spoilage period (Benjakthl.,2003).
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Figure 22. Relative oxygenation of haemoglobin from Asianbsess (SB), tilapia
(TL) and grouper (GR) as a function of pH (a). Thaemoglobin

concentration was 6 M. Bars represent the stardkanation (n=3).

Autoxidation of haemoglobin at pH 6 and 7 as acfiom of time is
depicted in Figure 23. Haemoglobins from all fiskere less oxygenated at pH 6,
compared to pH 7 (Fig. 22), as indicated by thgdatifferences between the peak and
valley. The autoxidation rates of all haemoglobuwsre monitored by obtaining
spectra in the wavelength of 500 to 630 nm. Theedse in both absorbance at 574
nm (peak) and 560 nm (valley) of the haemoglobithes indication of formation of
methaemoglobin from oxyhaemoglobin (Richards andttrbenn, 2003). All
haemoglobins had the greater stability to oxidagbrpH 7 than at pH 6 (Fig 23).
Tilapia and grouper haemoglobins had a noticegbéetsal change after 72 h (Fig.
23). At time 120 h, the visible spectra of methagiolbin were established in both
tilapia and grouper haemoglobin at pH 6, whichharacteristic of haem release from
the haemoglobins and / or porphyrin destructionweler at pH 7, some reduced
form still remained in all samples as mirrored bg positive difference in absorbance
between 574 nm (peak) and 560 nm (valley). The tspeof Asian seabass
haemoglobin shifted to the lower absorbance withraasing incubation time,

however, it was not fully oxidised to methaemogtohbifter 120 h at both pH. The



135

results suggested the higher stability of Asiarbasa haemoglobin, compared to those
from tilapia and grouper. Lower autoxidation ratke Asian seabass haemoglobin
correlated well with its higher oxygenation, in quemison with haemoglobin from
tilapia and grouper. Small decrease in the absosbahthe peak and valley along with
the positive difference of absorbance between i4peak) and 560 nm (valley) was
found in Asian seabass haemoglobin, when compai#d thvose from tilapia and
grouper (Fig. 22 and 23). Therefore, Asian seabhasmoglobin was more resistant to
autoxidation, compared with those from tilapia gnouper.
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5.4.2 Effect of haemoglobin from different fish speies on lipid oxidation

of washed mince at different pHs

Changes in PV and TBARS of washed mince added la#moglobin
from different fish species at various pH (6, 6l &) during 10 days of iced storage
are shown in Figure 24 and 25, respectively. ARedays of storage, the sharp
increases in both PV and TBARS were noticeable lInsamples added with
haemoglobin from different fish species. The lonwgtand TBARS were obtained in
the control. This indicated the pro-oxidative atyivof fish haemoglobin in washed
mince. Haemoglobins from all three fish speciesalgaed the lipid oxidation at
different degrees, depending on pH. The lipid otafarate was more pronounced at
pH 6 and 6.5, compared with pH 7, as reflectedigidr PV and TBARS at pH 6 and
6.5 (Fig. 24 and 25). The results correlated wethwhe greater autoxidation of all
these haemoglobins at pH 6 than pH 7 (Fig. 22 &@)d The higher degree of lipid
oxidation in all samples added with haemoglobinacadic pH was in agreement with
the findings of Undelanet al. (2002) and Undelandt al. (2004). This might be
related to the lower degree of oxygenation (BohiRoot effect) and the increased
rates of autoxidation at pH 6, compared with pH e concomitant increase in lipid
oxidation rates in washed mince at pH 6 suggestedpoasible role of
deoxyhaemoglobin as an effective catalyst of lipiddation (Richards and Hultin,
2000). Richardset al. (2002) reported that deoxyhaemoglobin acted asrcanger
oxidation catalyst than oxyhaemoglobin becauseast & haem crevice that is more
accessible (Levy and Rifkind, 1985). The iron atoihthe porphyrin group inside the
crevice is also kicked out of the plane when deexydion occurs (Stryer, 1988a).
This may allow the iron to more easily interact twiipid hydroperoxides, creating
more free radicals to facilitate both haemoglobioaidation and lipid oxidation.
Haemoglobin autoxidation can also promote lipiddation through the production of
superoxide anion radical and methaemoglobin (Ra$haand Hultin, 2003).
Haemoglobin autoxidation can also result in thenfation of oxygen radicals (O
(Shikama, 1998), protein radicals (e.g., hypenvaferryl-haemoglobin (FE==0))
and lipid radicals (LOGand LO) (Ryter and Tyrrell, 2000).
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Methaemoglobin can release its haem group 60-igidater than oxy-
and deoxyhaemoglobin (Hargroee al., 1997). Furthermore, human haemoglobin is
dissociated into dimers 10 times more quickly atGp® than at pH 7.5 (Dumouliet
al., 1997) and dimers undergo autoxidation 16 timetefaban tetramers (Griffoat
al., 1998). The lowered prooxidative activity of haagtodin with increasing pH was
also reported by Richards and Hultin (2000).

During 4-10 days of storage, the continuous deerea PV was
noticeable in all the samples added with haemog®liP<0.05). This suggested the
decomposition of hydroperoxide formed, especialithiw the first 2 days of storage.
A decrease in the level of primary oxidation pragurs related to hydroperoxide
degradation, producing secondary lipid oxidatiomdorcts (Boselliet al., 2005).
However, gradual increase in PV was observed indbetrol samples (without
addition of haemoglobin) throughout the storagé®tlays (P<0.05). For the samples
added with haemoglobins from the same fish spetheshigher PV was found at pH
6, compared to pH 6.5 and 7 (P<0.05). This confitrttee pro-oxidative activity of
haemoglobin at acidic pH. When comparing PV ofsalinples tested at the same pH,
it was noted that the sample added with haemogliwbim tilapia had the highest PV,
while the lowest PV was found in the samples addi#ld haemoglobin from Asian
seabass (P<0.05).

For TBARS values, the sharp increase was alsodfatnday 2 of
storage in all samples (P<0.05) except the contnolyhich the TBARS remained
constant throughout the storage (P>0.05). All sasmpldded with haemoglobin from
different fish had no change in TBARS after 2 daysstorage for all pHs tested,
except for the sample added with haemoglobin freauger at pH 7, which showed
the continuous increase in TBARS during the stoi@gk0 days (P<0.05). When the
effect of pH on TBARS formation was compared, isviaund that the sample at pH 6
exhibited the highest TBARS, regardless of soummefaemoglobin. The constant
TBARS could indicate that these secondary oxidapomducts might react further
with free amino acids, proteins and peptides in washed mince system to form
Schiff's base (Dillard and Tappel, 1973). Furtherepcsome volatile compounds were

lost during the storage. For the control samplesiet was no difference in TBARS at
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all pHs throughout the storage of 10 days (P>0.P%).of the control samples at all
pH values increased continuously throughout theagt period (P<0.05), indicating
the lipid oxidation was still in propagation stadkethe end of storage period. A slight
increase in TBARS values of the control samplediféérent pH were found with the
increasing storage time (P<0.05). Thus, the enlthrazgoxidation and decreased
oxygenation of all haemoglobins from different fispecies at acidic pH resulted in
the higher lipid oxidation in the washed mince. Ailgall haemoglobins tested, that
from tilapia was found to be more active in catalgdipid oxidation in washed mince
followed by haemoglobin from grouper and Asian se&ab respectively (P<0.05).
Rapid autoxidation of tilapia and grouper haemogisbto methaemoglobin was
closely associated with their pronounced pro-oxeatctivity in washed mince,
compared with that from Asian seabass. Also, themtmglobins from tilapia and
grouper had low affinity for oxygen than haemogioldrom seabass (Fig. 22).
Haemoglobins with low oxygen affinity are easilyidised (Astatkeet al., 1992).
When autoxidation takes place, the formation ofh@emoglobin and the superoxide
anion radical (&) were formed. Additionally, @ dismutates to kD,, which
subsequently reacts with methaemoglobin to formhyyervalent ferrylhaemoglobin

radical known to initiate lipid oxidation (KanneméHarel, 1985).

The habitat of the fish can strongly influence tk&bility of
haemoglobin in relation to autoxidation (Powers72)9 Haemoglobins of fish from
sluggish water have non-Bohr effect, while thosemfractive streams possess
haemoglobins with Bohr effect (Riggs, 1970; Powdr872). Richards and Hultin
(2003) reported that haemoglobin from herring aratkerel was more pro-oxidative
than haemoglobin from trout. Frequent migratiorhefring and mackerel was related
with more unstable and pro-oxidative haemoglobidewever, the present study
showed that active migratory fish like Asian seabdsad less pro-oxidative
haemoglobin. Other biological and genetical facassvell as inhabiting environment
might play an essential role in the properties aérhoglobin in the fish (Undelared
al., 2004).
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Wilson and Knowles (1987) found that oxyhaemogiotvtom bottom
dwelling fish was more autoxidised than those fgpacies living in shallow waters. It
was also reported that haemoglobins are more slilsleego oxidation at low
temperature than at high temperature (Undelendl., 2004). Tilapia is known to
inhabit still or flowing waters in rocky or mud-thom areas (Alleret al., 2002).
Tilapia is a bottom dwelling fish, where the tenatare is low when compared to
surface water. Groupers tend to reside on the imodtictropical and subtropical waters
and most of the species live on coral reefs (Matthed al., 1999). Thus, the
haemoglobins from tilapia and grouper were moreljikunstable and more prone to
autoxidation. On the other hand, Asian seabassgtownaturity in the upper reaches
of freshwater rivers and streams. Adults generalbye downstream especially during
tidal or flooding, to estuaries and coastal waterspawning (Keenan, 1994). Seabass
has been reported to live near shore and is caesides a pelagic fish (FAO, 1989),
thereby exposing to higher surface water tempezatban the demersal fish like
tilapia and grouper. It is also evident that pedagigratory fish may not necessarily
have more lipid pro-oxidative haemoglobins becafgteir need for oxygen to carry
out long distance migratory swimming (Undelagtdal.,2004). As a result, the higher
stability was found for Asian seabass haemoglolimen compared with tilapia and
grouper haemoglobins. Furthermore, it was suggesidhaemoglobins from tilapia
and grouper were more pro-oxidative in washed micoepared to Asian seabass

haemoglobin.

5.4.3 Effect of haemoglobin from different fish spcies on fishy odour
development in washed mince at different pH

Fishy odour intensity of washed mince added wdlkerhoglobin from
different fish species at pH 6, 6.5 and 7 during itted storage is depicted in Figure
26. Fishy odour intensity of all washed mince sas@dded with haemoglobin from
different fish species at all pH values increaseatiouously throughout the storage of
10 days (P<0.05). At the same pH used, washed naidded with tilapia or grouper
haemoglobin showed the higher fishy odour intensitynpared with those added with
Asian seabass haemoglobins, especially at pH 6.0BxONevertheless, there was no

difference in fishy odour intensity between wasieitice added with haemoglobin
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from tilapia and grouper throughout the storagd®idays (P>0.05). For the samples
added with haemoglobin from different fish speciesyas noted that the higher fishy
odour intensity was obtained in the samples withGyHbllowed by pH 6.5 and 7.0,
respectively. The results were in accordance with pronounced formation of
TBARS in the washed mince added with tilapia oruger haemoglobin at pH 6,
compared with pH 6.5 and 7 (Fig. 25). Undelatdal. (2004) also reported that
haemoglobin from mackerel, menhaden and floundeelaated the development of
painty odour in washed cod mince more rapidly atepldompared with pH 7.2. Trout
haemoglobin also induced lipid oxidation and raitgidevelopment more rapidly at
pH 6, compared with pH 7.2 in washed cod mince {&ids and Hultin, 2000).
Increasing pH to 7.6 delayed the rancidity to aatge extent than pH 6 and 7.2
(Richards and Hultin, 2000). Lipid oxidation andhy odour development catalysed
by tilapia and grouper haemoglobin were intengeHa6. This was more likely due to
the lower relative oxygenation and the greater »ad&tdion of tilapia and grouper
haemoglobin to met form at pH 6 (Fig. 22 and 23)nol samples displayed very
less fishy odour development at all pH tested thhowt the storage period. The off-
odour developed in the fish muscle due to lipiddaxion was considered as fishy (Fu
et al., 2009). Thus, haemoglobin from tilapia and grouwere very active in fishy
odour development in the washed mince at all pidasaktudied, whilst Asian seabass

haemoglobin was less pro-oxidative.
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5.4.4 Effect of haemoglobin from different fish speies on the formation

of volatile lipid oxidation products in washed mine at pH 6

Volatile compounds in washed mince associated Wpid oxidation
catalysed by haemoglobin from different fish spe@epH 6 at day 10 of iced storage
are shown in Figure 27. Lipid oxidation of fish mlgsis known to produce volatile
aldehydic compounds including haxanal, heptanahrat, nonanal, etc (Yasuhara and
Shibamoto, 1995). Aldehydes are the most promimetatiles produced during lipid
oxidation and have been used successfully to folipi oxidation in a number of
foods, including muscle foods (Ross and Smith, 2008mong all aldehydic
compounds, hexanal, heptanal, octanal and nonaral faund as the major aldehydes
formed in washed mince. 2-ethylfuran, pentenylfuspentyl furan, 1-octen-3-ol, 2-
octenal, 2-hexenal and 2,3-octanedione were alsodfan all samples (Fig. 27). The
control sample contained the lower amounts of Weléipid oxidation products, when
compared with the samples added with haemoglolmm fdifferent fish species.
Among all samples added with haemoglobin, thosetatoing tilapia or grouper
haemoglobins displayed the higher formation of ti@aoxidation products except
octanal and 2,3-octanedione, compared with thateddaith Asian seabass
haemoglobin. Higher formation of volatile lipid aétion products in all haemoglobin
added samples correlated well with the higher feionaof TBARS in those samples
(Fig. 25). The results suggested that lipid oxmlatiand decomposition of
hydroperoxides to the secondary volatile oxidapooducts were more pronounced in
the haemoglobin added samples, compared with theatsample. The formation of
aldehydes and other volatile oxidation productastban produce off-odours (Bowd
al., 1992). Aldehydes have been used as the indicatdigid oxidation because they
possess low threshold values and are the majorilsotars to the development of off-
flavour and odour (Ross and Smith, 2006; Beydl., 1992). Propanal and heptanal
can serve as a reliable indicator of flavour detation for fish products, whilst
hexanal contributes to the rancidity in meats (Asiguet al., 2006; Ross and Smith,
2006).
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The peak area of 2-ethylfuran, pentenylfuran asmkryl furan was
greater in all samples added with haemoglobin, @ajpe in that added with tilapia
haemoglobin, compared with the control sample. frarad its related compounds are
formed by the decomposition of 12-hydroperoxidelioblenate (18:3n-3), the 14-
hydroperoxide of eicosapentaenoate (20:5n-3) and f6-hydroperoxide of
docosahexaenoate (22:6n-3). Those hydroperoxidemdergo 3-cleavage to produce
a conjugated diene radical, which can react witlygex to produce a vinyl
hydroperoxide. Cleavage of the vinyl hydroperoximeloss of a hydroxyl radical,
forms an alkoxyl radical, that undergoes cyclisatidghereby producing furans
(Medinaet al.,1999).

High peak area of 1-octen-3-ol was found in wasinatte added with
tilapia or grouper haemoglobins, compared with thfathe control samples and the
samples containing Asian seabass haemoglobin. Als@re known as the secondary
products produced by the decomposition of hydropdeo (Girand and Durance,
2000). 8-Carbon alcohols are known to be preseatligpecies of fish (Josephseh
al., 1984). Thus, the haemoglobins from different Bplecies were able to catalyse the
lipid oxidation in washed mince intensively, bukithpro-oxidative acitivity varied
with fish species. The subsequent decompositiopriafary lipid oxidation products
led to the formation of a wide range of volatilengmounds, which more likely
contributed to unacceptable offensive odours ocidaty in the muscle of fish without

prior bleeding.
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5.5 Conclusion

Stability to oxygenation, autoxidation and prodative activity of
haemoglobins from different tropical fish speciestiie washed mince was highly
influenced by pH. Among all haemoglobins testeayséhfrom tilapia and grouper
were more active in promoting lipid oxidation amshfy odour development in washed
mince, especially at acidic pH condition. Thus, llaemoglobins in the blood could be
involved in lipid oxidation and fishy odour devetopnt of fish muscle during the
extended postmortem storage. Those changes wereesgpecific, mainly governed

by the pro-oxidative activity of haemoglobins.



CHAPTER 6

RETARDATION OF HAEMOGLOBIN-MEDIATED LIPID
OXIDATION OF ASIAN SEABASS MUSCLE BY
TANNIC ACID DURING ICED STORAGE

6.1 Abstract

Lipid oxidation mediated by haemoglobin from tipvas monitored
in washed Asian seabass mince added without afdtannic acid (200 and 400 ppm)
during 10 days of iced storage. Control sampleshfwit tannic acid) had the highest
peroxide value (PV) within the first 2 days and sessed the greater amount of
thiobarbituric acid-reactive substances (TBARSptighout the storage of 10 days (P
< 0.05). With addition of tannic acid, the lipid idation of washed mince was
retarded, especially when the higher level (400 ymas used, as evidenced by
lowered PV and TBARS. The retarded formation ofatit# lipid oxidation products
in the samples added with 400 ppm tannic acid waad. Sensory analysis revealed
that samples added with 400 ppm tannic acid shawedower fishy odour score,

compared with the control sample and that addeld 260 ppm tannic acid (P < 0.05).

6.2 Introduction

Quality deterioration in muscle foods caused bydlipxidation is a
major concern in the food industry. Odour, flavotexture, colour and nutritional
value are negatively affected by lipid oxidationagiter, 1994). Haem proteins
(haemoglobin and myoglobin), haem-derived transitieetals and enzymes in muscle
foods are associated with the accelerated lipidaiion (Decker and Hultin, 1992). In
fish, haemoglobin has been identified as one ofnbst potent pro-oxidants and can
initiate oxidation following several mechanisms dfards and Hultin, 2002).
Haemoglobin can be a source of activated oxygentaldeemoglobin autoxidation.

Haem or iron can be released from the protein tmpte lipid oxidation (Richards
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and Hultin, 2002). The iron atom in the haem rifighe haem proteins is primarily in
the ferrous (+2) state. Conversion of ferrous haeatein to met (+3) haem protein
(metHP) is a process known as autoxidation (Richarti Dettmann, 2003). MetHP
reacts with peroxides, leading to the stimulateanfdion of compounds capable of
initiating and propagating lipid oxidation (Eversed Hsia, 1997).

Whole fish are commonly supplied in the market dudhe ease of
distribution or transportation. For fillet produmti, whole fish without bleeding have
been used widely in fish processing industry, kethshops or restaurants. Blood,
which is an excellent source of haem protein, playsle in acceleration of lipid
oxidation of whole fish, fillets as well as othesif muscle products. In postmortem
fish, haemoglobin can react with the muscle lipaisd enhance lipid oxidation
(Richardset al., 1998). Therefore, the inhibition of haemoglobin dia¢ed lipid
oxidation in fish muscle by antioxidant, especiaibtural phenolic compound, can be
a promising means to prevent the onset of lipiddation. Recently, Magsood and
Benjakul (2010 a, 2010 b) reported that tannic aoitiibited the superior radical
scavenging activities as well as reducing power effdctively inhibited the lipid
oxidation in fish mince, fish oil-in-water emulsi@md fish slices. Tannic acid is also
affrmed as Generally Recognised As Safe (GRAS) thg Food and Drug
Administration (FDA) at a level of 10 - 4Qfpm for the use as an ingredient in some
food products including meat products (US Codeeaddfal Regulation, 2006; Chung
et al., 1993). Nevertheless, the inhibitory activity ofnmé&c acid towards lipid
oxidation mediated by haemoglobin in fish muscle hat been elucidated. Thus, the
objective of this study was to investigate the iotgd tannic acid on the retardation of
haemoglobin mediated lipid oxidation in washed Asgeabass mince during iced

storage.
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6.3 Materials and methods
6.3.1 Chemicals

Tannic acid, cumene hydroperoxide, streptomycitphate, sodium
heparin, pentanal, hexanal, heptanal, octanal andmal were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Sodium chloridgotassium iodide, tris
[hydroxy-methyl] aminomethane (Tris) and trichlocetic acid were obtained from
Merck (Damstadt, Germany). Disodium hydrogen phatph2-thiobarbituric acid,
ammonium thiocyanate and ferrous chloride werelmged from Fluka Chemical Co.

(Buchs, Switzerland). All chemicals used were ddlgincal grade.

6.3.2 Fish supply and bleeding

Live tilapia Oreochromis niloticuswas purchased from a fish farm,
Songkhla, Thailand. Fish were transported in liwadition to the Department of Food
Technology, Prince of Songkla University within 1 Wpon arrival, the fishes were
bled from the caudal vein after the tail of thénfigas cut off. Blood was collected in a
20 mL-glass test tube rinsed with 150 mM NaCl sohucontaining sodium heparin
(30 U/mL). The collected blood was stirred continsly in order to avoid the

coagulation.

6.3.3 Preparation of haemolysate

Haemolysate from tilapia, which showed the highesi-oxidative
activity, compared with other species including aisseabass and grouper (Magsood
and Benjakul, 2011a), was prepared according tartéhod of Richards and Hultin
(2000). Four volumes of cold 1 mM Tris buffer (pHOBcontaining 1.7 % NaCl were
added to heparinised blood. Thereafter, the mixtvae centrifuged at 700 for 10
min at 4 °C using a RC-5B plus centrifuge (Beckmdg;AVANTI, Fullerton, CA,
USA). Plasma was then removed. Red blood cells washed by suspending three
times in 10 volumes of the above buffer and camgrifg at 700 »g. Cells were lysed
in 3 volumes of 1 mM Tris buffer (pH 8.0) for 1 ®ne-tenth volume of 1 M NacCl
was then added to aid in stromal removal befor¢riéegation at 28000 xj for 15 min

at 4 °C. Prepared haemolysate was stored at -4hdQvas thawed just before used.
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6.3.4 Quantification of haemoglobin

Haemoglobin content was determined following thethnod described
by Richards and Hultin (2000) with a slight modifion. The haemolysate was
diluted in 50 mM Tris buffer (pH 8.0) to obtain thésorbance of 0.5-0.6 at 415 nm.
Approximately 1 mg of sodium dithionite was addedhe sample (2 ml) and mixed
thoroughly. The sample was bubbled with oxygenwéls a purity of 99.5 % to 100
% (TTS Gas Agency, Hat Yai, Songkhla, Thailand) I06r min. Prepared sample (2
ml) was transferred to a 3 ml disposable cuvettee absorbance of the sample was
then measured at 415 nm against a blank, whichacwd only buffer, using a UV-
1601 spectrophotometer (Shimadzu, Kyoto, Japang. Afdemoglobin concentration
was calculated by Lambert-Beer’s law using a mitlian extinction coefficient of 125

for oxyhaemoglobin at pH 8 (Antoni and Brunoni, 197

6.3.5 Preparation of washed Asian seabass mince

Washed mince was prepared as per the method baRi€ and Hultin
(2000). Live fresh Asian seabadsaies calcarife), a lean fish, from a fish farm in
Songkhla, Thailand, with an average weight of 1Kg2vere caught and ice-shocked.
The fish were kept in ice and then transportedhéoRepartment of Food Technology,
Prince of Songkla University within 1 h. Upon aal, fish were washed with chilled
tap water, descaled, filleted, de-skinned and ntinasing a mincer with a hole
diameter of 5 mm. The mince was washed twice id dadtilled water at a mince-to-
water ratio of 1:3 (w/v). The mixture was stirredttwa plastic rod for 2 min.
Thereafter, the mixture was allowed to stand formifh in a cold room (4 °C),
followed by dewatering on a fiberglass screen. Rieguwashed mince was mixed
with 50 mM sodium phosphate buffer (pH 6.0) atteoraf 1:3 (w/v) and homogenised
using an Ultra-Turrax T25 homogeniser (Janke andki€l Staufen, Germany) at a
speed of 13,500 rpm for 1 min. The final pH was itwyad by usinga pH-meter
(Sartorious North America, Edgewood, NY, USA) andsvadjusted to 6 using 6 M
HCI. The mixture was allowed to stand for 15 mindatC and then centrifuged at

15000 xg for 20 min at 4 °C. The resulting pellet was rederto as “washed mince”
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and used as the composite sample. The final meistontent of the washed mince

was 88 %.

6.3.6 Preparation of washed Asian seabass mince ¢aning

haemoglobin and tannic acid

Washed Asian seabass mince (pH 6) was divided fouo portions.
Streptomycin sulphate, as an antimicrobial ageas added in washed Asian seabass
mince to obtain a final concentration of 200 ppraehholysate (8.35 mL) was added
to three portions of washed Asian seabass mincé (22ach) to obtain a final
concentration of 6 uM of Hb/kg washed mince. Faer It portion, the same volume
of distilled water was added instead of haemolysat® used as the control (C). The

mixtures were then mixed manually until the homaggnwas obtained.

Tannic acid was dissolved in 25 mL of sterilizedtidled water and
was adjusted to pH 7 by 2 M NaOH. Neutralised tarauid solution (25 mL) was
added separately to two portions of washed Asiabass mince (225 g each) to
obtain the final concentration of 200 and 400 ppesignated as TA200 and TA400,
respectively. The sample added with haemolysatieowttaddition of tannic acid was
referred to as the “the control containing haematiyCH)”. All prepared samples (C,
CH, TA200 and TA400) were packed in the separatgepioylene bags and sealed.
The samples were stored in dark inside the insililjptdystyrene box filled with ice at
a sample/ice ratio of 1:2 (w/w). Molten ice was ox@ad every day and the same
guantity of ice was replaced. For each samplegetlsample bags were randomly
taken at each sampling day. Samples were takenpdooxide value (PV) and
thiobarbituric acid-reactive substances (TBARS)edwutnation every 2 days for
totally 10 days, whilst the evaluation of fishy adavas carried out at Day 0, 2, 6 and
10. Additionally, volatile lipid oxidation compouadn the samples were analysed at

the end of storage (day 10).



153

6.3.7 Analyses

6.3.7.1 Determination of peroxide value

Peroxide value (PV) was determined as per the rdeth&®ichards and
Hultin (2002) with a slight modification. Analysigas performed in triplicate. Washed
mince (1 g) was mixed with 11 mL of chloroform/mastiol (2:1, v/v). The mixture
was homogenised at a speed of 13,500 rpm for 2 IHomogenate was then filtered
using Whatman No. 1 filter paper (Whatman Inteworadi, Ltd, Maidstone, England).
Two millilitre of 0.5 % NaCl was then added to 7 raf_the filtrate. The mixture was
vortexed at a moderate speed for 30 s using a ¥@anie2 mixer 4 (Bohemia, NY,
USA) and then centrifuged at 3@Pfbr 3 min to separate the sample into two phases.
Two millilitre of cold chloroform/methanol (2:1, v), was added to 3 mL of the lower
phase. Twenty-five microlitre of 30 % ammonium tyanate and 25 pL of 20 mM
iron (II) chloride were added to the mixture (Shentnd Deckerl1994). Reaction
mixture was allowed to stand for 20 min at room genature prior to reading the
absorbance at 500 nm. A standard curve was prepared cumene hydroperoxide at

the concentration range of 0.5-2 ppm.

6.3.7.2 Determination of thiobarbituric acid-readive substances
(TBARS)

Thiobarbituric acid-reactive substances (TBARS)evdetermined as
described by Buege and Aust (1978). Analysis wafopeed in triplicate. Washed
mince (0.5 g) was mixed with 2.5 mL of a TBA sotuti containing 0.375 %
thiobarbituric acid, 15 % trichloroacetic acid &m@5 N HCI. The mixture was heated
in a boiling water for 10 min to develop a pink@al, cooled with running tap water
and then sonicated for 30 min using an Elma (S B8dnicator (Kolpingstr, Singen,
Germany). The mixture was then centrifuged at §080 25 °C for 10 min. The
absorbance of the supernatant was measured at m32Anstandard curve was
prepared using 1,1,3,3-tetramethoxypropane (MARQhatconcentration ranging from

0 to 10 ppm and TBARS were expressed as mg of M@uivalents/kg sample.
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6.3.7.3 Determination of volatile lipid oxidationcompounds

Volatile lipid oxidation compounds in washed Asiaaabass mince
containing haemolysate without (CH) and with 40@npiannic acid (TA400) stored in
ice for 10 days were determined by solid phaseoreatraction/gas chromatography-
mass spectrometry (SPME/GC-MS) (lglesias and Med@@@8). The analysis was run
in triplicate.

6.3.7.3.1 Extraction of volatile compounds by SPMiibre

To extract volatile compounds, 3 g of sample werenogenised at a
speed of 13,500 rpm for 2 min with 8 mL of ultrar@uwvater. The mixture was
centrifuged at 2000 x g for 10 min at 4 °C. Theesnptant (6 mL) was heated at 60 °C
with equilibrium time of 10 h in a 20 mL-headspacal. Finally, the SPME fibre
(50/30 pm DVB/Carboxeff/PDMS StableFleX") (Supelco, Bellefonte, PA, USA)
was exposed to the head space of the vial contpitiie sample extract and the
volatile compounds were allowed to absorb in thdMEHibre for 1 h. The volatile
compounds were then desorbed in the GC injectot fwor 15 min at 270 °C.

Extraction was carried out in triplicate.
6.3.7.3.2 GC-MS analysis

GC-MS analysis was performed in a HP 5890 seriesgds
chromatography coupled with HP 5972 mass seleal®iectors equipped with a
splitless injector and coupled with a quadrupolessndetector (Hewlett Packard,
Atlanta, GA, USA). Compounds were separated on mifdwax capillary column
(Hewlett Packard, Atlanta, GA, USA) (30 m x 0.25 niy with film thickness of
0.25 um). The GC oven temperature program wasC3®P 3 min, followed by an
increase of 3 °C/min to 70 °C, then an increast0dfC/min to 200 °C and finally an
increase of 15 °C/min to a final temperature of 260and hold for 10 min. Helium
was employed as a carrier gas, with a constant #6w.0 mL/min. Injector was
operated in the splittess mode and its temperata® set at 270 °C. Transfer line
temperature was maintained at 250 °C. The quadrupmss spectrometer was

operated in the electron ionisation (EI) mode aogrce temperature was set at 145
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°C. Initially, a full scan mode data was acquirediétermine appropriate masses for
the later acquisition in selected ion monitoringM¥p mode under the following

conditions: mass range: 25-500 amu and scan r&280@Gs/scan. All analyses were
performed with ionisation energy of 70 eV, filameamission current at 150 pA and

the electron multiplier voltage at 500 V. Analysias run in triplicate.

6.3.7.3.3 Analyses of volatile compounds

Identification of the volatile compounds in the sdes was based on
the retention times of individual aldehydic stamt$aincluding pentanal, hexanal,
heptanal, octanal and nonanal. Identification af tompounds was also done by
consulting ChemStation Library Search (Wiley 275.u$ing Probability-Based
Matching (PBM) algorithm developed by Prof. Fred LMfferty and co-workers at
Cornell University. Quantitative determination weerried out by using an internal
calibration curve that was built using stock san$ of the compounds in ultra-pure
water saturated in salt and analysing them by themessed HS-SPME method.
Quantification limits were calculated to a singberoise (S/N) ratio of 10. The
identified volatile compounds related with lipididation were presented in the form

of abundance of each identified compound.

6.3.4 Sensory analysis

The sensory evaluation was performed by eighhédipanelists, who
were the graduate students in Food Science anchdkgy programme with the age
of 25-33 years and were familiar with fish consuiomt Panelists were trained in two
sessions using a 10 point scale, where O represantéshy odour and 10 represented
the strongest fishy odour. Reference samples wegaped by storing Asian seabass
slices packed in polythene bags in ice for 0, 5ad0 15 days representing the score
of 0, 3, 7 and 10, respectively. To test the samplanellists were asked to open the
sealable polyethylene bags containing the test lemmgmd sniff the headspace above

the samples. The samples were then scored.
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6.3.5 Statistical analysis

All experiments were run in triplicate. Completeindomized design
(CRD) was used for this study. The experimentah detre subjected to Analysis of
Variance (ANOVA) and the differences between meaase evaluated by Duncan’s
New Multiple Range Test. For pair comparistitest was used (Steel and Torrie,
1980). Data analysis was performed using a SPS&agaqSPSS 14.0 for Windows,
SPSS Inc, Chicago, IL, USA).

6.4 Results and discussions

6.4.1 Effect of tannic acid on the lipid oxidation mediated by

haemoglobin in washed Asian seabass mince

Changes in PV and TBARS in washed Asian seabassenadded
without haemoglobin (C) and those containing hadoimg and treated without (CH)
and with tannic acid (200 and 400 ppm) (TA200 addtdO) during 10 days of iced
storage are shown in Figure 28 and 29, respectiv@idual increase in PV was
observed in all samples up to 6 days of iced seo(R&g0.05). Thereafter, PV remained
unchanged up to 10 days (P>0.05). The CH samplethedhighest increase in PV
within the first 2 days of storage and the contimidecrease was observed thereafter
(P<0.05). The decrease in PV of CH sample witheasing storage time was most
likely caused by decomposition of hydroperoxiderfed into the secondary oxidation
products (Boselliet al., 2005). When comparing PV of all samples containing
haemoglobin, it was found that CH sample contaitmedhighest PV up to day 4 of
storage, while TA400 sample contained the lowesup¥o day 8 of storage (P<0.05).
The results showed that tannic acid at a level @ ppm was very effective in
retarding the propagation stage of lipid oxidatiGannic acid showed the radical
scavenging activity via hydrogen donating and retyigower, thereby terminating
the propagation (Magsood and Benjakul, 2010a).ad 10, hydroperoxide formed in
CH sample more likely underwent decomposition thigher rate, than the rate of
formation. As a result, the lowest PV was obtaimedCH sample. Magsood and

Benjakul (2010b) reported that higher level (200mppof tannic acid was more
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effective than the lower level (100 ppm) on theurgation of lipid oxidation in striped
catfish slices stored under modified atmospher&amng (MAP, 60%MN / 35%CQ /
5%0,). For the C sample, PV gradually increased dutimg storage. Although
washing could remove most of the haem protein gudis, there was small percentage
of membrane lipids such as phospholipids that wiifecult to remove by washing
(Lanier et al., 2005). Those lipids contain high level of polyumsated fatty acids
which could be autoxidised, particularly when stigrdime increased (Laniet al.,
2005). The white muscle of a typical lean fish eomd less than 1 % lipids. Of this,
the phospholipids make up about 90 % (Ackman, 1986ine haem protein might be
bound with muscle protein and could not be leacbhat during washing. Those

proteins might exhibit pro-oxidative activity in al@ed mince.

TBARS values of all samples added with haemogldbcreased
gradually up to 8 days of storage (P<0.05). No geam TBARS of TA200 and
TA400 samples were found during 8-10 days of s®r@p0.05). TBARS values of
CH sample increased abruptly at day 2 of storag®.(). Thereafter, the slight
decrease in TBARS values was noticed. The deciraBBARS was probably due to
their reaction with free amino acids, proteins pegtides present in the washed Asian
seabass mince system to form Schiff's base (Diltard Tappel, 1973). Furthermore,
volatile oxidation products with low molecular wiktgcould be lost during extended
storage.

When tannic acid was incorporated in washed miadded with
haemoglobin, tannic acid, especially at a level46D ppm displayed the higher
efficacy in prevention of lipid oxidation as indied by the lowered TBARS
formation, when compared with the samples added 200 ppm tannic acid
(P<0.05). Apart from acting as a radical scavenigemic acid, especially at a level of
400 ppm could chelate iron, which might be reledsaah the haemoglobin during the

storage.
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Figure 28. Changes in peroxide value (PV) in washed Asiathass mince and those
containing haemoglobin from tilapia and treatechaitt and with tannic
acid (200 and 400 ppm) during iced storage. Bgeesents the standard
deviation (n=3). C: control washed mince withoutemmaglobin and
tannic acid; CH: washed mince added with haemogldbi pM/kg);
TA200: washed mince added with haemoglobin (6 puMawd 200 ppm
tannic acid; TA400: washed mince added with haeotogl (6 pM/kg)
and 400 ppm tannic acid.

Tannic acid has the ability to chelate iron, mararly in the free form
(Lopeset al.,1999). Tannic acid chelates iron due to its tdioglagroups and might
also be able to inhibit iron-mediated oxyradicalniation like other iron chelators,
such as desferrioxamine (DFO), 1,10-phenanthrobne pyridoxal isonicotinoyl
hydrazone (PIH) (Lopest al.,1999). Lipid oxidation in the washed mince could be
pronounced at acidic pH (pH 6) because of the esdthautoxidation of haemoglobin
at reduced pH (Tsurugat al.,, 1998). Haemoglobin autoxidation results in the
formation of oxygen radicals (0, OH) (Shikama, 1998), protein radicals (e.g.,
hypervalent ferryl-haemoglobin (Fe=0)) and lipid radicals (LODand LO) (Ryter
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and Tyrrell, 2000). Methaemoglobin formed can redgeds haem group 60 times
greater than oxy- and deoxyhaemoglobin (Hardgeied., 1997). Recently, Magsood
and Benjakul (2010a) reported that tannic acid stbwhe higher ferric reducing
antioxidant power (FRAP), indicating that tanniedacould easily donate the electron
to Fe (lll), thus reducing it to Fe (Il). Lopes al. (1999) and Andrade &t al. (2006)
also reported that tannic acid was able to redec@lF to Fe (Il). Thus, the addition
of tannic acid could retard the formation of methaglobin. As a result, the release of
free haem group was impeded. Additionally, theigbih donating electrons to the
radical was another mode of action of tannic at&lmed as “reducing power”.
Reducing capacity of phenolic antioxidants wasisedlas a key function for retarding
and inhibiting lipid oxidation of fish tissues (Med et al., 2007). Large-molecular
weight polyphenols, such as tannic acid are stradgal scavengers (Yoshiga al.,
1989).
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Figure 29. Changes in thiobarbituric acid reactive substa(id®@ARS) in washed
Asian seabass mince and those containing haemadiam tilapia and
treated without and with tannic acid (200 and 4@®dnp during iced
storage. Bars represents the standard deviatid3).(Key: see Figure 28

caption.
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The tannins were 15-30 times more effective inngheng peroxyl
radicals than simple phenolics or Trolox, when géésin deoxyribose assay and
metmyoglobin assay (Hagerma al., 1998). The samples treated with tannic acid
especially at 400 ppm level showed the lower foromatof PV and TBARS,
suggesting its capacity to scavange radicals formetie propagation stage. For C
sample, autoxidation took place gradually during $torage of 10 days. This was in
agreement with the increase in PV (Fig. 28). Thasnic acid at a level of 400 ppm
was very effective in retardation of lipid oxidaticatalysed by haemoglobin from

tilapia in washed Asian seabass mince during it@@ge.

6.4.2 Effect of tannic acid on fishy odour developent in washed Asian

seabass mince added with haemoglobin

Fishy odour intensity in the control washed Asian sealmasge (C)
and those containing haemoglobin from tilapia amhted without (CH) and with
tannic acid (200 and 400 ppm) (TA200 and TA400)irduiced storage is shown in
Figure 30. Within the first 2 days of storage, yisbdour intensity was increased
markedly in CH samples, whereas a slight increaae @btained in C, TA200 and
TA400 samples. During 2-10 days of storage, fisHpuwr intensity increased in all
samples, except CH sample, which showed no chanfishiy odour intensity during
6-10 days of storage (P>0.05). CH sample had thjleehiintensity of fishypdour than
other samples, indicating the role of haemoglolindevelopment of fishy odour,
mainly via induction of lipid oxidation. The highefishy odour intensity in CH
sample was related with the highest rate of lipxadation (Fig. 28 and 29). Thus,
tannic acid at a level of 400 ppm was very effectin retarding the formation of
secondary lipid oxidation products (Fig. 29) aslvwasl development of fishy odour in
washed Asian seabass mince. The off-odour develwpt#tk fish muscle due to lipid
oxidation was considered as fishy (&wal.,2008).
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Figure 30. Changes in fishy odour development in washed Aseabass mince and
those containing haemoglobin from tilapia and tdaivithout and with
tannic acid (200 and 400 ppm) during iced stor&ps represents the

standard deviation (n=8). Key: see Figure 28 captio

Tannic acid at a level of 200 ppm was effectiveratarding lipid
oxidation and off-odour development in ground amsbked fish Scomberomorus
commersoni stored at 4 °C (Ramanathan and Das, 1992). Rgcémagsood and
Benjakul (2010a; 2010b and 2010c) reported thatitaacid at a level of 200 ppm
retarded the lipid oxidation and development ofaufbur in the striped catfish slice
and ground beef stored under modified atmosphextkaying during refrigerated
storage. Therefore, tannic acid was proved to feetfe in retarding the development
of fishy odour in washed Asian seabass mince addtbchaemoglobin, simulating the

whole muscle from unbled fish during iced storage.
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6.4.3 Effect of tannic acid on development of voldé¢ lipid oxidation

compounds in washed Asian seabass mince added withemoglobin

Chromatograms and abundance of different voldigel oxidation
compounds in the control washed Asian seabass manhded with haemoglobin (CH)
and sample added with haemoglobin and treated 4@thppm tannic acid (TA400)
after 10 days of iced storage are shown in FigureaBd 32, respectively. Lipid
oxidation of fish muscle is known to produce vdéaaldehydic compounds including
haxanal, heptanal, octanal, nonanal, etc (YasutagdaShibamoto, 1995). Aldehydes
are the most prominent volatiles produced duripglloxidation and have been used
successfully to monitor lipid oxidation in a numhrfoods, including muscle foods
(Ross and Smith, 2006). The CH sample containedititeer abundance of all volatile
compounds except for 2,3-octanedione, compared WA#00 sample after 10 days of
storage in ice. Among aldehydes, heptanal, hexamaéhnal, nonanal and 2-octenal
were found at higher amounts in CH sample, compard#d TA400 sample. Heptanal
can serve as a reliable indicator of flavour detation for fish products, while
hexanal contributes to the rancidity in meats (Asiguet al., 2006; Ross and Smith,
2006). Higher formation of volatile lipid oxidatioproducts in the CH sample
correlated well with the higher formation of TBARBig. 29). Aldehydes generated
from the oxidation of fatty acids are frequentiated with the off-odours (McGilkkt
al.,, 1974). The results suggested that lipid oxidatiand decomposition of
hydroperoxides to the secondary volatile lipid @tidn products were more

pronounced in CH sample, compared with TA400 sample

Furans and its related compounds were also foumiga amounts in

CH sample, compared with those of TA400 sample s€fmmpounds are formed by
the decomposition of 12-hydroperoxide of linolengit8:3n-3), the 14-hydroperoxide
of eicosapentaenoate (20:5n-3) and the 16-hydrapukr@f docosahexaenoate (22:6n-
3). Hydroperoxide can undergo R-cleavage to produamnjugated diene radical,
which can react with oxygen to produce a vinyl loysroxide. Cleavage of the vinyl
hydroperoxide by loss of a hydroxyl radical, forars alkoxyl radical, that undergoes
cyclisation, thereby producing furans (Medataal., 1999).
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Figure 31. Chromatograms obtained from GCMS-SPME of differealatile lipid

oxidation compounds in the control washed Asiarbass mince added
with haemoglobin (CH) (a) and sample added withnt@gobin and
treated with 400 ppm tannic acid (TA400) (b) afi€r days of iced
storage.
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Among alcohols, 1-octen-3-ol was detected in lsattmples. The higher
amount was found in CH sample, compared with TA4@Mhple. Alcohols are the
secondary products produced by the decompositiohydfoperoxide (Girand and
Durance, 2000). 8-Carbon alcohols are presealt species of fish (Josephsenal.,
1986). Ketone is another secondary lipid oxidatjgmoduct generated from the
decomposition of hydroperoxide in the chilled figtuscle (Iglesias and Medina,
2008). Among ketones, 2,3-octanedione, pentactgumpanone and methyl nonyl
ketone were found in both samples with the highsundance in CH sample. In
general, the lower amount of volatile lipid oxiadaticompounds were detected in the
TA400 sample, compared with the CH sample. Theltresafirmed that tannic acid at
a level of 400 ppm was very effective in retarditigg lipid oxidation, thereby
preventing the formation of volatile lipid oxidaticcompounds, which contribute to
the offensive fishy odours in fish muscle.
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Figure 32. Abundance of different volatile lipid oxidation cgaunds in the control
washed Asian seabass mince added with haemoglGhbli §¢nd sample
added with haemoglobin and treated with 400 ppmitaacid (TA400)

after 10 days of iced storage.
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6.5 Conclusion

Haemoglobin from tilapia was effective in catalysiipid oxidation in
washed Asian seabass mince contributing to thelo@veent of fishy odour. When
tannic acid especially at a level of 400 ppm wa®iporated in washed mince added
with haemoglobin, it displayed the higher efficanyprevention of lipid oxidation as
indicated by the lower TBARS formation as well atarded development of fishy
odour in washed Asian seabass mince, when compatkdhe samples added with
200 ppm tannic acid. Additionally, preventive effef tannic acid at a level of 400
ppm was also reflected by the lower abundance tHtil® lipid oxidation products
formed in washed Asian seabass mince added witmdglebin. Thus, application of
tannic acid could be a promising means to retaedliiid oxidation and fishy odour

development in the fish muscle without prior bleedi



CHAPTER 7

EFFECT OF KIAM ( COTYLELOBIUM LANCEOTATUM CRAIH) WOOD
EXTRACT ON THE HAEMOGLOBIN MEDIATED LIPID
OXIDATION OF ASIAN SEABASS MUSCLE

7.1 Abstract

Effect of ethanolic kiam wood extract (EKWE) orettetardation of
haemoglobin mediated lipid oxidation of washed Ass@abass mince added without
and with menhaden oil stored in ice up to 10 days wvestigated. Samples
containing haemoglobin have the highest peroxideevéPV) within the first 8 days
and possessed the greater amount of thiobarbaugritreactive substances (TBARS)
throughout the storage of 10 days, compared witlseéhcontaining no haemoglobin
(P<0.05), regardless of 5% menhaden oil additiocorporation of 5% menhaden oil
to the washed mince had no impact on the formatioRV and TBARS, compared
with oil-free samples during the storage (P>0.0%jth addition of EKWE (0.05 and
0.1%), the lipid oxidation of washed mince addethwiaemoglobin and menhaden oil
was retarded, especially when the higher level%).Wwas used, as evidenced by
lowered PV and TBARS. Formation of volatile lipigidation compounds determined
by gas chromatography—mass spectrometry (GC-MS) nesded in the sample
containing oil and haemoglobin and treated with®®.EKWE, compared with that
without the addition of EKWE after 10 day of stoeaq ice (P<0.05). Sensory
analysis revealed that samples containing haemimgiaikhout and with oil added had
the highest intensity of fishydour, compared to those treated with EKWE (0.05% a
0.1%) and the control sample (washed mince) (P30Ttus, EKWE, especially at a
level of 0.1% could serve as potential natural cxmiant in prevention of lipid
oxidation and retardation of development of fistdoor and volatile lipid oxidation

compounds in washed mince during iced storage.

166
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7.2 Introduction

Lipid oxidation negatively affects flavour, odowglour, texture, and
the nutritional value of fish muscle seafood durpast-mortem storage. Due to the
presence of highly unsaturated fatty acids, fism@e susceptible to lipid oxidation
than other muscle foods such as poultry, pork, l@ef lamb (Tichivangana and
Morrissey, 1985). Incorporation of antioxidantsoifiish muscle can effectively retard
lipid oxidation. Although synthetic antioxidants vieabeen widely used (Ahmad,
1996), nowadays there is a growing interest toa@plsuch compounds by naturally
occurring antioxidants (Slat al.,2000). Several natural phenolic compounds of green
tea, rosemary, and extra virgin olive oil have bpeven to be effective in preventing
rancidity in many lipid-containing systems inclugirfish muscle (lkawa, 1998;
Medinaet al.,1999; Medinaet al.,2003).

Haemoglobin has been identified as one of the ot&nt pro-oxidants
and can initiate oxidation in fish following sevenaechanisms (Richards and Hultin,
2002). Haemoglobin can be a source of activatedgelxydue to haemoglobin
autoxidation. Haem or iron can be released fronptbéein to promote lipid oxidation
(Richards and Hultin, 2002). The iron atom in hgewteins is primarily in the ferrous
(2+) state. Conversion of ferrous haem protein & (8+) haem protein (metHP) is a
process known as autoxidation (Richards and Dettimaf03). MetHP reacts with
peroxides, leading to the stimulated formation @hpounds capable of initiating and
propagating lipid oxidation (Everse and Hsia, 199T) post-mortem fish,
haemoglobin can react with the muscle lipids arfthane lipid oxidation (Richardst
al., 1998). Therefore, the inhibition of haemoglobindiated lipid oxidation in fish
muscle by antioxidant, especially natural phenalienpound, can be a promising
means to prevent the onset of lipid oxidation.

Tannins are polyphenolic compounds commonly ogogiin the barks,
woods and fruits of many kinds of plants. Extractiof tannins from the bark of
different trees was carried out (Yazaki and Co]lid®94). Kiam Cotylelobium
lanceotatum craiptrees are very common in the southern part ofldihd. Pieces of

wood from the kiam tree have been traditionallysalged in sugar palm sap to
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prevent or retard microbial fermentation (Chanthechand Beuchat, 1997).
Additionally, kiam wood is also burned for energsoguction. The preparation of
kiam extract containing phenolic compounds coulttease the value of those wood
and the novel natural additives can be appliedadfindustry. Balange and Benjakul
(2009) reported that tannic acid (456.3 mg/kg) veasd as the major component of
the kiam wood extract. Tannic acid exhibited theesior radical scavenging activities
as well as reducing power and effectively inhibitkd lipid oxidation in fish mince
and fish oil-in-water emulsion (Magsood and Ben|akd010a). Haemoglobin
mediated lipid oxidation in washed Asain seabassceniwas also impeded by
incorporation of tannic acid (Magsood and Benjaa@l11b). Thus, the objective of
present study was to use the natural extract oh kiood C. lanceotatum craihin
preventing the haemoglobin mediated lipid oxidaom fishy odour development in

Asian seabass muscle during iced storage.

7.3 Materials and methods
7.3.1 Chemicals

Menhaden fish oil, cumene hydroperoxide, streptmmysulphate,
sodium heparin, pentanal, hexanal, heptanal, ocsatbnonanal were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Sodiumoctide, sodium bicarbonate,
potassium iodide, tris[hydroxy-methyl] aminomethdfieis) and trichloroacetic acid
were obtained from Merck (Damstadt, Germany). Dismdhydrogen phosphate, 2-
thiobarbituric acid, ammonium thiocyanate and fesrchloride were purchased from
Fluka Chemical Co. (Buchs, Switzerland). All cheatéc used were of analytical

grade.

7.3.2 Fish supply and bleeding

Live tilapia Oreochromis niloticuswere purchased from a fish farm,
Songkhla, Thailand. Fish were transported in liwadition to the Department of Food
Technology, Prince of Songkla University within 1Upon arrival, the fish were bled

from the caudal vein after the tail of the fish vweas off. Blood was collected in a 20
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mL-glass test tube rinsed with 150 mM NaCl soluteamtaining sodium heparin (30

U/mL). The collected blood was stirred continuouslyrder to avoid the coagulation.

7.3.4 Preparation of haemolysate

Haemolysate from tilapia, which showed the highesi-oxidative
activity, compared with other species including aksseabass and grouper (Magsood
and Benjakul, 2011a), was prepared according tartéhod of Richards and Hultin
(2000). Four volumes of cold 1 mM Tris buffer (pHOBcontaining 1.7 % NaCl were
added to heparinised blood. Thereafter, the mixtuae centrifuged at 70@ for 10
min at 4 °C using a RC-5B plus centrifuge (Beckmdg;AVANTI, Fullerton, CA,
USA). Plasma was then removed. Red blood cells washed by suspending three
times in 10 volumes of the above buffer and camgrifg at 700y for 10 min at 4 °C.
Cells were lysed in 3 volumes of 1 mM Tris buffpH(8.0) for 1 h. One-tenth volume
of 1 M NaCl was then added to aid in stromal renhtvediore centrifugation at 28000
g for 15 min at 4 °C. Prepared haemolysate was statred0 °C and was thawed just

before used.

7.3.5 Quantification of haemoglobin

Haemoglobin content was determined following thethnod described
by Richards and Hultin (2000) with a slight modifion. The haemolysate was
diluted in 50 mM Tris buffer (pH 8.0) to obtain thésorbance of 0.5-0.6 at 415 nm.
Approximately 1 mg of sodium dithionite was addedhe sample (2 mL) and mixed
thoroughly. The sample was bubbled with oxygen il a purity of 99.5 -100 %
(TTS Gas Agency, Hat Yai, Songkhla, Thailand) forriin. Prepared sample (2 mL)
was transferred to a 3 mL disposable cuvette. Dserbance of the sample was then
measured at 415 nm against a blank, which contaanéd buffer, using a UV-1601
spectrophotometer (Shimadzu, Kyoto, Japan). Thenbgkbin concentration was
calculated by Lambert-Beer’s law using a millimogatinction coefficient of 125 for

oxyhaemoglobin at pH 8 (Antoni and Brunoni, 1971).
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7.3.6 Preparation of washed Asian seabass mince

Washed mince was prepared as per the method baRi€ and Hultin
(2000). Live fresh Asian seabassifes calcarife), a lean fish, supplied by a fish farm
in Songkla, Thailand, with an average weight of.2-kg were caught and ice-
shocked. The fish were kept in ice and then tramtedao the Department of Food
Technology, Prince of Songkla University within 1 bpon arrival, fish were washed
with chilled tap water, descaled, filleted, de-sigd and minced using a mincer with a
hole diameter of 5 mm. The mince was washed twiceald distilled water at a
mince-to-water ratio of 1:3 (w/v). The mixture watgred with a plastic rod for 2 min.
Thereafter, the mixture was allowed to stand formifh in a cold room (4 °C),
followed by dewatering on a fiberglass screen. Rieguwashed mince was mixed
with 50 mM sodium phosphate buffer (pH 6.0) atteoraf 1:3 (w/v) and homogenised
using an Ultra-Turrax T25 homogeniser (Janke andki€l Staufen, Germany) at a
speed of 13,500 rpm for 1 min. The final pH was soeed by using a pH-meter
(Sartorious North America, Edgewood, NY, USA) andsvadjusted to 6 using 6 M
HCI. The mixture was allowed to stand for 15 mirda®C and then centrifuged at
15000 xg for 20 min at 4 °C. The resulting pellet was reddrto as “washed Asian
seabass mince” and used as the composite samm@dingh moisture content of the

washed mince was 88 %.

7.3.7 Preparation of kiam wood extract
7.3.7.1 Collection and preparation of kiam wood

The kiam wood was obtained from the forest ofRhattalung province
in the Southern Thailand. The tree was about 15%€20s old and harvested in May,
2010. The tree was cut by using a sawing machime;ldaves and branches were
separated manually by cutting and the trunk was kesun drying for 3 months. The
trunk was chopped into smaller flakes of wood drehtdried in an oven at 70 °C for 8
h and cut into pieces with an average size of 11%xcnf. Those pieces were ground
using a portable grinding machine (Spong-90, Le&ld#§, with a sieve size of 6 mm
and was then subjected to size reduction usingeader (National Model MKK77,

Tokyo, Japan) and finally sieved using a stainkgsel sieve of 80 mesh size. The
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obtained powder was placed in a polythene bagedeaid kept at room temperature

until used.

7.3.7.2 Extraction of phenolic compound from kianwood

Kiam wood powder was subjected to extraction atiogr to the
method of Santoset al. (2004) with slight modifications. The powder (1D wgas
mixed with 150 mL of absolute ethanol. The mixturas stirred at room temperature
(28-30 °C) using a magnetic stirrer (IKA-Werke, \B&m, Germany) for 6 h. The
mixture was then centrifuged at 5000 x g for 10 atimoom temperature using a RC-
5B plus centrifuge (Beckman, JE-AVANTI, Fullerto6A, USA). The supernatant
was filtered using Whatman filter paper No. 1 pafi#hatman International, Ltd,
Maidstone, England). The filtrate was then evamuorait 40 °C using Eyela rotary
evaporator (Tokyo Rikakikai, Co. Ltd, Tokyo, Japah) remove the residual ethanal,
the extract was purged with nitrogen gas. The ekinas then dried using a freeze
dryer to obtain the dry extract. Dried extract wasvdered using a mortar and pestle
and was kept in an amber bottle and stored in aicsr until use. The dried
powderised extract was referred to as “ethanohokwood extract; EKWE”.

7.3.7.3 Determination of total phenolic contenin EKWE

Quantification of total phenolic content in EKWEasv carried out
according to the method of Slinkard and Singletb@7{). EKWE was dissolved in
25% ethanol to obtain concentration of 0.5% (whhe solution (0.5 mL) was added
with 100 pL of Folin—Ciocalteu reagent (two-folduded with de-ionized water) and
mixed thoroughly. After 3 min, 1.5 mL of 2% sodiwarbonate solution was added.
The reaction mixture was mixed thoroughly and pllace dark for 40 min and the
absorbance was read at 760 nm. The total phenofitest was calculated from the
standard curve of tannic acid (0-0.1 mg/mL) andresged as mg tannic acid per
gram dry EKWE after blank substraction. Blank waspared in the same manner,

except that distilled water was used instead ohF@iocalteu reagent.
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7.3.7.4 Determination of tannic acid in EKWE

Qualitative analysis of EKWE was performed using##°LC equipped
with VWD detector following the method of Tiaet al. (2009) with slight
modifications. The HPLC system consisted of an é&dil1100 series HPLC (Alginet,
Wilmington, DE, USA), quaternary pump with seal Wwagption, degasser, solvent,
cabinet and preparative autosampler with thermostgtipped with a diode array
detector. The separation was performed on a col(hypersil ODS C18 4.0 - 250
mm, 5 Im, Cole-Parmer, Hanwell, London, UK). HPL@nditions were as follows:
mobile phase: 0.4% Formic acid: Acetonitrile (85;18ow rate: 0.8 mL mit;
temperature: 25 °C. The detection was carried 6@88 nm. The concentration of
extracts was 25 mg mLand each injection volume was 20 pL. Standarditaacid

was used for peak identification.

7.3.8 Study on the impact of EKWE on lipid oxidaton and sensory

property of washed Asian seabass mince containingagemoglobin

Washed Asian seabass mince (pH 6) was added wipt@mycin
sulphate as an antimicrobial agent to obtain al fowacentration of 200 ppm. The
resulting mince was divided into 2 portions; onetipn was added with 5% (w/v)
menhaden oil, whilst another portion was added V&t distilled water. Those
portions were referred to as “SB+oil” and “SB”, pestively, representing medium
fatty fish and lean fish, respectively. Each portivas further divided into four
portions with different treatments. Three portiof7¥.5 g each) were added with
haemolysate (26.8 mL) to obtain a final haemoglazincentration of 6 uM of Hb/kg
sample. One portion without addition of haemolyseds used as control.

To study the effect of EKWE on lipid oxidation tB” or “SB+oil”
samples containing haemoglobin, EKWE with total ngilie content of 602.6 mg
tannic acid equivalent per g and tannic acid cdra€b45.57 mg/g (Fig. 33) was used.
EKWE (0.039 and 0.078 g) was dissolved separatel®4i mL of sterlised distilled
water and pH was first adjusted to 11 by 6 M Na®Horder to get completely

solubilised solution. Thereafter, the pH was adidsb 6 by 2 M HCI and volume was
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made up to 25mL. Completely dissolved solution ¢fWEE (25 mL) was added
separately to four portions of washed mince (77.%®agh) to obtain the final
concentration of 0.05% and 0.1%. Samples withoaitaitdition of EKWE were added
with 25 mL of distilled water adjusted to pH 6. Reashed mince, “SB”, those added
with haemoglobin was referred to as “SB+Hb”; th@skled with haemoglobin and
treated with 0.05% and 0.1% EKWE were referred $8+Hb+0.05% EKWE”" and
“SB+Hb+0.1% EKWE”, respectively. For washed minaantaining oil, “SB+oil”,
those added with haemoglobin were referred to 8s-Fh+oil” and those treated with
0.05% and 0.1% EKWE were referred to as “SB+Hb+#b05% EKWE” and
“SB+Hb+0il+0.1% EKWE”, respectively.

VUL A, Wavelength=280 nm (SAJIDMEANDEES . I)
mal ]
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Figure 33.HPLC-DAD chromatogram of ethanolic kiam wood exti@KWE).

All portions of washed mince were then mixed mdiguantil the
homogeneity was obtained. All prepared samples weaeked in the separate
polyethylene bags and sealed. The samples weredstordark inside the insulated
polystyrene box filled with ice at a sample-to-regio of 1:2 (w/w). Molten ice was
removed every day and the same quantity of icerejaced. For each samples, three
sample bags were randomly taken at each sampligg Samples were taken for
peroxide value (PV) and thiobarbituric acid reagtisubstances (TBARS)
determination every 2 days for totally 10 days, Isthihe evaluation of fishy odour
was carried out at day 0, 2, 6 and 10. Additignalblatile lipid oxidation compounds
in the samples were analysed at the end of stddayel0).
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7.3.9 Analyses
7.3.9.1 Peroxide value

Peroxide value (PV) was determined as per the deth&®ichards and
Hultin (2002) with a slight modification. Analysisvas performed in triplicate.
Samples (1 g) were mixed with 11 mL of chloroforrethmnol (2:1, v/v). The
mixtures were homogenised at a speed of 13,500fopr® min. Homogenates were
then filtered using Whatman No. 1 filter. Two niithes of 0.5 % NaCl were then
added to 7 mL of the filtrate. The mixtures weretered at a moderate speed for 30 s
using a Vortex-Genie2 mixer 4 (Bohemia, NY, USAyahen centrifuged at 3,000 x
g for 3 min to separate the sample into two phadJago millilitres of cold
chloroform/methanol (2:1, v/v), were added to 3 oflthe lower phase. Twenty-five
microlitres of 30 % ammonium thiocyanate and 25qil20 mM iron (llI) chloride
were added to the mixture (Shantha and DeckB84). Reaction mixtures were
allowed to stand for 20 min at room temperaturergn reading the absorbance at 500
nm. A standard curve was prepared using cumenepgdrxide at the concentration

range of 0.5-2 ppm.
7.3.9.2 Thiobarbituric acid-reactive substancesIBARS)

Thiobarbituric acid-reactive substances (TBARSYyewvdetermined as
described by Buege and Aust (1978). Analysis watopeed in triplicate. Washed
mince (0.5 g) was mixed with 2.5 mL of a TBA sotuti containing 0.375 %
thiobarbituric acid, 15 % trichloroacetic acid &n@5 N HCI. The mixture was heated
in a boiling water for 10 min to develop a pink@al, cooled with running tap water
and then sonicated for 30 min using an Elma (S B8dnicator (Kolpingstr, Singen,
Germany). The mixture was then centrifuged at 5,809 at 25 °C for 10 min. The
absorbance of the supernatant was measured at m32Anstandard curve was
prepared using 1,1,3,3-tetramethoxypropane (MARQhatconcentration ranging from

0 to 10 ppm and TBARS were expressed as mg of M@uivalents/kg sample.
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7.3.9.3 Determination of volatile lipid oxidationcompounds

Volatile lipid oxidation compounds in washed Asiaaabass mince
containing haemoglobin and menhaden oil (“SB+oil*)Hnd that treated with 0.1%
EKWE stored in ice for 10 days were determined dlidgohase micro extraction-gas
chromatography mass spectrometry (SPME-GCMS) (agesnd Medina, 2008). The

analysis was run in triplicate.
7.3.9.3.1 Extraction of volatile compounds by SPHifibre

To extract volatile compounds, 3 g of sample werenogenised at a
speed of 13,500 rpm for 2 min with 8 mL of ultrar@water. The mixtures were
centrifuged at 2000 x g for 10 min at 4 °C. Theesoptants (6 mL) were heated at 60
°C with equilibrium time of 10 h in a 20 mL-headsepaial. Finally, the SPME fibre
(50/30 pm DVB/Carboxeff/PDMS StableFleX") (Supelco, Bellefonte, PA, USA)
was exposed to the head space of the vial contpitiie sample extract and the
volatile compounds were allowed to absorb in thdMEHibre for 1 h. The volatile

compounds were then desorbed in the GC injectdrfpofl5 min at 270 °C.
7.3.9.3.2 GC-MS analysis

GC-MS analysis was performed in a HP 5890 seriesgds
chromatography coupled with HP 5972 mass seledetectors equipped with a
splitless injector and coupled with a quadrupolessndetector (Hewlett Packard,
Atlanta, GA, USA). Compounds were separated on mifwax capillary column
(Hewlett Packard, Atlanta, GA, USA) (30 m x 0.25 niy with film thickness of
0.25 um). The GC oven temperature program wasC3®P 3 min, followed by an
increase of 3 °C/min to 70 °C, then an increast0dfC/min to 200 °C and finally an
increase of 15 °C/min to a final temperature of 260and hold for 10 min. Helium
was employed as a carrier gas, with a constant #6w.0 mL/min. Injector was
operated in the splittess mode and its temperat@® set at 270 °C. Transfer line
temperature was maintained at 250 °C. The quadrupmss spectrometer was
operated in the electron ionisation (El) mode aowurce temperature was set at 140

°C. Initially, a full scan mode data was acquirediétermine appropriate masses for
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the later acquisition in selected ion monitoringM¥$ mode under the following
conditions: mass range: 25-500 amu and scan ra&20Gs/scan. All analyses were
performed with ionisation energy of 70 eV, filameamission current at 150 pA and

the electron multiplier voltage at 500 V.

Identification of the volatile compounds in the sdes was based on
the retention times of individual aldehydic stamt$aincluding pentanal, hexanal,
heptanal, octanal and nonanal. Identification af tompounds was also done by
consulting ChemStation Library Search (Wiley 275.u$ing Probability-Based
Matching (PBM) algorithm developed by Prof. Fred LMfferty and co-workers at
Cornell University. Quantitative determination weerried out by using an internal
calibration curve that was built using stock san$ of the compounds in ultra-pure
water saturated in salt and analysing them by themised HS-SPME method.
Quantification limits were calculated to a singberoise (S/N) ratio of 10. The
identified volatile compounds related with lipididation were presented in the form
of normalised area under peak of each identifiedpmmind.

7.3.9.4 Sensory analysis

The sensory evaluation was performed by 8 trapatklists, who were
the graduate students in Food Science and Technplogramme with the age of 25-
33 years and were familiar with fish consumptiomnélists were trained in two
sessions using a 10 point scale, where O represantéshy odour and 10 represented
the strongest fishy odour (Magsood and Benjakul,12). Reference samples were
prepared by storing Asian seabass slices packedlythene bags in ice for 0, 5, 10
and 15 days representing the score of 0, 3, 7 Gncespectively. To test the samples,
panelists were asked to open the sealable polystaybags containing the test

samples and sniff the headspace above the sariplesamples were then scored.

7.3.10 Statistical analysis

All experiments were run in triplicate. Completeindomized design
(CRD) was used for this study. The experimentah detre subjected to Analysis of
Variance (ANOVA) and the differences between meaase evaluated by Duncan’s
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New Multiple Range Test. For pair comparisdrtest was used (Steel and Torrie,
1980). Data analysis was performed using a SPSEagaqSPSS 14.0 for Windows,
SPSS Inc, Chicago, IL, USA).

7.4 Results and discussions

7.4.1 Effect of EKWE on the lipid oxidation mediaed by haemoglobin in

washed Asian seabass mince

Impact of EKWE at levels of 0.05 and 0.1% on dipoxidation
mediated by haemoglobin in washed mince added withnd with menhaden during
10 days of iced storage is shown in Figure 34 a@mdA3sharp increase in PV was
observed in all samples up to 2 days of iced se(Rg0.05). The changes in PV after
day 2 varied with samples. The continuous incréadeV was observed up to day 4
for both “SB+Hb” and “SB+Hb+oil” (P<0.05). Afterttmining the maximum PV at
day 2, those samples had the decrease in PV baténd of storage period (P<0.05).
“SB+Hb” and “SB+Hb+oil” samples displayed the high®V up to day 8 of storage,
compared with others (P<0.05). At day 10, hydropiel®formed in the “SB+Hb” and
“SB+Hb+0il” samples underwent decomposition to ghler rate than the rate of
formation, resulting in the lower PV in those saespht the end of storage. For the
“SB” sample, PV gradually increased during the ager, but was lower than others,
especially within the first 4 day of storage (P<8).0Although washing could remove
most of the haem protein and lipids, there was lsambunt of membrane lipids such
as phospholipids that were difficult to be removwsdwashing (Lanieet al., 2005).
Those lipids contain high level of polyunsaturatidty acids, which could be
autoxidised, particularly when storage time inceea@_anieret al., 2005). The white
muscle of a typical lean fish contains less th&b lipids. Of this, the phospholipids
make up about 90 % (Ackman, 1980). Some haem proteght be bound with
muscle protein and could not be leached out duwaghing. Those haem proteins

might exhibit pro-oxidative activity in washed meic

For the “SB+Hb” and “SB+Hb+oil” samples treatedthw 0.05%
EKWE, all showed the increase in PV up to day 2stwirage. Thereafter the PV
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remained unchanged during 2-4 days and decreaaddaily until the end of storage
period (P<0.05). On the other hand, samples treamth 0.1% EKWE
(“SB+Hb+0.1% EKWE” and “SB+Hb+0il+0.1% EKWE”) hadcé lower PV than
those added with 0.05% EKWE within the first 4 d@ys0.05). It was noted that the
gradual increase was found until the end of stqraghcating that the samples were
still in propagation stage of lipid oxidation. Iremgral, the decrease in PV of some
samples with increasing storage time was mostlikalused by decomposition of
hydroperoxide formed into the secondary oxidatioodpcts (Bosellet al.,2005)

The results showed that EKWE, which containeaitaacid as a major
component, was effective in retarding the propagastage of lipid oxidation. Tannic
acid exhibited the radical scavenging activity ¥agdrogen donating and reducing
power, thereby terminating the propagation (Magsamtl Benjakul, 2010Db).
Recently, Magsood and Benjakul (2011b) reported tdwanic acid at a level of 400
ppm was very effective in retarding haemoglobin iated lipid oxidation in washed
Asain seabass mince during iced storage. Magsoodanjakul (2010b) also found
that higher level (200 ppm) of tannic acid was meffective than the lower level (100
ppm) on the retardation of lipid oxidation in s&@ catfish slices stored under
modified atmosphere packaging (MAP, 60%485%CQ / 5%0).
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Figure 34. Effect of EKWE at different levels on changes inggde value (PV) in
washed Asian seabass mince added without and vétihaden oil in the
presence or absence of tilapia haemoglobin durcegl istorageBars
represents the standard deviation (nSB: Asian seabass mince; SB+Hb:
washed mince added with haemoglobin; “SB+Hb+0.058ME” and
“SB+Hb+0.1% EKWE": washed mince added with haembigloand
treated with 0.05% and 0.1% EKWE, respectively, #8B and
“SB+Hb+0il”:  mince added with menhaden oil and gboadded with
menhaden oil and haemoglobin, respectively; “SB+#ib60.05% EKWE”
and “SB+Hb+0il+0.1% EKWE”: mince added with haenagh and
menhaden oil and treated with 0.05% and 0.1% EKk&pectively.

TBARS values of “SB+Hb” and “SB+Hb+oil” increasstarply within
the first 2 days of storage, followed by the sligitrease up to 6 days (Fig. 35).
Thereafter, the decrease in TBARS was noticed. deerease in TBARS was
probably due to their reaction with free amino acigroteins and peptides present in
the washed mince system to form Schiffs base &l and Tappel, 1973).
Furthermore, volatile oxidation products with lowolecular weight could be lost

during extended storage. Among all samples test®B+Hb” and “SB+Hb+oil”
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displayed the highest formation of TBARS throughthé storage time of 10 days,
compared with other samples (P<0.05). TBARS wereaketly formed when
haemoglobin was incorporated. Thus, haemoglobin meaessary for the production
of hydroperoxide breakdown products associate Wiy odour (Undelancet al.,
2002). For “SB” and “SB+oil” samples, only slighicrease in TBARS was observed.
However, the latter showed non-significantly higfdARS value than the former.
This indicated that menhaden oil added underwentation to some degree.
Saanchez-Alonset al. (2007) reported that the development of PV and RBAwvere
not affected by addition of 10% herring oil in thashed cod mince system containing
haemoglobin during iced storage. Furthermore, tititian of 15% triacylglycerols in
the form of menhaden oil did not alter the ratanbensity of haemoglobin-catalyzed
oxidation of washed cod mince containing about Orié&enbrane lipids (Undelarat
al., 2002). Rapid oxidation in the muscle of fatty fgbecies is often attributed to its
high total lipid content (Aubourgt al., 1999). However, washed cod muscle system
with reduced lipid (~0.1%) had a strong rancid odeweloped in the presence of
whole blood (Richards and Hultin, 2001). Therefargyas more likely that membrane
lipid in SB played an important role in oxidatiaather than the triglycerides. Surface
area of membrane lipids exposed to the aqueous pbass0-100 times greater than
that of oil droplet (Hultin, 1994). In addition, géhhigher polarity of the membrane
lipids as compared to that of oil may allow forteetinteraction with a water-soluble
pro-oxidant such as haemoglobin (Basal.,2000).

When EKWE was incorporated, the formation of TEARas retarded
and the efficacy in lowering lipid oxidation was diose dependent manner. This was
evidenced by the lower formation of TBARS in “SB+Hbl% EKWE” and
“SB+Hb+0il+0.1% EKWE” samples, in comparison withhat found in
“SB+Hb+0.05% EKWE” and “SB+Hb+0il+0.05% EKWE" sangsl (P<0.05). Thus,
EKWE containing tannic acid was effective in retagdthe formation of TBARS in
washed mince added with haemoglobin, regardlessidition of menhaden oil. Apart
from acting as a radical scavenger, tannic acidgmein EKWE, especially at a level
of 0.1%, could chelate iron, which might be releeem the haemoglobin during the

storage. Tannic acid has the capability of chejairon, particularly in the free form
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(Lopeset al.,1999). Tannic acid chelates iron due to its tdioglagroups and might
also be able to inhibit iron-mediated oxyradicainfation like other iron chelators,
such as desferrioxamine (DFO), 1,10-phenanthrobne pyridoxal isonicotinoyl
hydrazone (PIH) (Lope®t al., 1999). Recently, Magsood and Benjakul (2011b)
reported that tannic acid at a level of 400 ppm wexy effective in retarding the
haemoglobin mediated lipid oxidation in washed Ass@abass mince during 10 days
of iced storage. Tannic acid showed the higherdeducing antioxidant power
(FRAP) than other phenolic compounds (catechinuliferacid and caffeic acid)
(Magsood and Benjakul, 2010a). Lopesal. (1999) and Andrade &t al. (2006) also
reported that tannic acid was able to reduce Ret@IFe (1l). Thus, the addition of
tannic acid could retard the formation of methaelmng. Methaemoglobin was
reported to show the higher pro-oxidative activitpmpared with the other forms
(Richards and Dettman, 2003). Additionally, theligbin donating electrons to the
radical was another mode of action of tannic at&lmed as “reducing power”.
Reducing capacity of phenolic antioxidants wasisedlas a key function for retarding
and inhibiting lipid oxidation of fish tissues (Med et al., 2007). The tannins were
15-30 times more effective in quenching peroxylicald than simple phenolics or
Trolox, when tested in deoxyribose assay and megiobon assay (Hagermaet al.,
1998). The samples treated with EKWE especiall®.4%6 level showed the lower
formation of PV and TBARS, suggesting its capa®fyscavenging the radicals
formed in the propagation stage. Thus, EKWE espigcid 0.1% was effective in
retarding the formation of hydroperoxides and TBARSwvashed mince, especially
that containing haemoglobin, irrespective of memmaadil addition during iced

storage.
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Figure 35. Effect of EKWE at different levels on changes inobarbituric acid-
reactive substance (TBARS) in washed Asian seab@isse added
without and with menhaden oil in the presence meabe of tilapia
haemoglobin during iced storadgars represents the standard deviation

(n=3). Key: see Figure 34 caption.

7.4.2 Effect of EKWE on fishy odour development inwashed Asian

seabass mince added with haemoglobin

Fishy odour intensity associated with haemoglobin-indudgud
oxidation in the washed mince without and with rmeeén oil and treated without and
with EKWE (0.05% and 0.1%) during 10 days of icéafage is shown in Figure 36.
Within the first 2 days of storage, fishy odoureimsity increased markedly in
“SB+Hb” and “SB+Hb+oil” samples, whereas a slightrease was obtained in other
samples (P<0.05). Fishy odour intensity of both +8B” and “SB+Hb+oil” samples
increased continuously during 2-6 days of storagkramained constant after 6 days
of storage (P>0.05). The higher fishy odour intgnsi “SB+Hb” and “SB+Hb+olil”
sample was related with the higher rate of lipiddakon (Fig. 34 and 35). Fishy
odour intensity of the control sample “SB” showedtaady increase throughout the
storage and was lowest, compared with other san{ple8.05). “SB+oil” samples

had slightly higher fishy odour intensity, comparetth “SB”. It was found that
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samples containing menhaden oil received slighibphdér scores on fishy odour
intensity than those added without menhaden oik Was probably due to indigenous
fishy odour present in the menhaden oil, which ddo¢ detected by the panelists.
When EKWE was incorporated, it was noted that figlgur intensity was lowered, in
comparison with the samples without EKWE additi®«(@.05). The samples treated
with 0.05% EKWE developed more fishy odour intensiitan those treated with 0.1%
EKWE (P<0.05). This result correlated well with thigher formation of TBARS in
“SB+Hb+0il+0.05% EKWE" than “SB+Hb+0il+0.1% EKWE’asnples (Fig. 35).

Thus, EKWE especially at a level of 0.1% was dffecin retarding the
development of fishy odour in washed mince contgriaemoglobin, irrespective of
oil incorporated. The off-odour developed in trehfmuscle due to lipid oxidation was
considered as fishy (Fet al., 2008). Recently, Magsood and Benjakul (2011b)
reported that tannic acid at a level of 400 ppm wexy effective in retarding the
development of fishy odour associated with haemmglonediated lipid oxidation in

washed Asian seabass mince during iced storage.

Tannic acid at a level of 200 ppm was also foumde effective in
retarding lipid oxidation and off-odour development ground and cooked fish
(Scomberomorus commerspstored at 4 °C (Ramanathan and Das, 1992). Mdgsoo
and Benjakul (2010 b and c) reported that tannid ata level of 200 ppm retarded
the lipid oxidation and development of off-odour time striped catfish slice and
ground beef stored under modified atmospheric pgogaduring refrigerated storage.
Thus, EKWE was effective in lowering the formatiohfishy odour associated with

lipid oxidation mediated by haemoglobin in washeadaa during iced storage.
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Figure 36. Effect of EKWE at different levels on changes ishff odour development
in washed Asian seabass mince added without arid ménhaden oil in
the presence or absence of tilapia haemogldibnng iced storageBars
represents the standard deviation (n=3). Key: sp&€ 34 caption.

7.4.3 Effect of EKWE on development of volatile lipid oxdation

compounds in washed Asian seabass mince added withemoglobin

Chromatograms and abundance of different voldigel oxidation
compounds in the washed mince added with haemayglafd menhaden oil treated
without 0.1% EKWE (“SB+Hb+oil”’) and with 0.1% EKWHE'SB+Hb+0il+0.1%
EKWE”") after 10 days of iced storage are shown igufe 37 and 38, respectively.
The development of volatile lipid oxidation compdsnin both samples was in
accordance with the sensory analysis and formafidiBARS. Lipid oxidation of fish
muscle is known to produce volatile aldehydic coomms including haxanal,
heptanal, octanal, nonanal, etc (Yasuhara and Siotza 1995). Aldehydes are the
most prominent volatiles produced during lipid @atidn and have been used
successfully to monitor lipid oxidation in a numhrfoods, including muscle foods
(Ross and Smith, 2006). Aliphatic aldehydes arermonly known to derive from
lipid oxidation which occurs in fish flesh (Seret al., 2002). The “SB+Hb+oil”
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sample contained the higher abundance of all Velatompounds except for 2-
dodecenal, compared with “SB+Hb+0il+0.1% EKWE” sdengfter 10 days of storage
in ice. Among aldehydes, hexanal, heptanal, pehte@anal, nonanal and 2,4-
heptadienal were found at higher amounts in “SB+é#iytsample, compared with
“SB+Hb+0il+0.1% EKWE” sample. Heptanal can serve aaseliable indicator of
flavour deterioration for fish products, while hegh contributes to the rancidity in
meats (Ross and Smith, 2006). Higher formationotdtie lipid oxidation products in
the “SB+Hb+oil” sample correlated well with the hgy formation of TBARS (Fig.
35) and higher fishy odour score (Fig. 36). Aldetyydenerated from the oxidation of
fatty acids are frequently related with the off-ado(McGill et al., 1974). The results
suggested that lipid oxidation and decompositiomyafroperoxides to the secondary
volatile lipid oxidation products were more pronoad in “SB+Hb+oil” sample,
compared with “SB+Hb+0il+0.1% EKWE” sample.

Furans and its related compounds such as 2-ethglfl2-pentylfuran
and 2-pentenylfuran were also found at high amouant‘SB+Hb+oil” sample,
compared with those of “SB+Hb+0il+0.1% EKWE” sampl&hose compounds are
formed by the decomposition of 12-hydroperoxide lioblenate (18:3n-3), 14-
hydroperoxide of eicosapentaenoate (20:5n-3) and-hytléoperoxide of
docosahexaenoate (22:6n-3). Hydroperoxide can godBrcleavage to produce a
conjugated diene radical, which can react with exygto produce a vinyl
hydroperoxide. Cleavage of the vinyl hydroperoxlme loss of a hydroxyl radical
forms an alkoxyl radical. This radical undergoeslisgtion, thereby producing furans
(Medinaet al.,1999).

Among ketones, pentachloro-2-propanone was founkoih samples
with the higher abundance in “SB+Hb+oil” sample téfee is another secondary lipid
oxidation product generated from the decomposiabihydroperoxide in the chilled
fish muscle (Iglesias and Medina, 2008). Among ladt®, 1-octen-3-ol was detected
in both samples. The higher amount was found in+13iBtoil” sample, compared
with “SB+Hb+0il+0.1% EKWE” sample.



186

Abundance_
1600000 _
1400000 7
1200000 —
1000000 _
12

s00000 ]

600000 |

400000{ 2 5 1011

L e s . L S s B e e e e e s NS ESHLAN S S S S S B B Sy B
Time--= 4.00 .00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Abundance| 8

1600000 —
1400000 _
1200000 —
1000000 _
00000 —
00000 7

10

400000 —

200000

11

0 T T T T T T T T T
Time--= 4.00 5.00 5.00 10.00 12.00 14.00 16.00 158.00 20.00

b)

Figure 37. Chromatograms obtained from GCMS-SPME of differenlatile lipid
oxidation compounds in the washed Asian seabassemanlded with
haemoglobin and oil (“SB+Hb+oil”) and those treateith 0.1% EKWE
(“SB+Hb+0il+0.1% EKWE”) after 10 days of iced stgea



187

Alcohols are the secondary products produced éyddtomposition of
hydroperoxide (Girand and Durance, 2000). 8-Carhtmohols are present in all
species of fish (Josephsen al., 1984). Recently, Magsood and Benjakul (2011b)
reported that the tannic acid at a level of 400 gpavented the formation of volatile
lipid oxidation compounds, which contribute to tb#ensive fishy odours in fish
muscle. In general, the lower abundance of voldifiiel oxidation compounds was
obtained in the “SB+Hb+0il+0.1% EKWE” sample, comgzawith the “SB+Hb+oil”
sample. The result confirmed that EKWE at a le¥é).2% was effective in retarding
the lipid oxidation. As a result, the formation \adlatile lipid oxidation compounds

causing the fishy odours in fish muscle was rethrde
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Figure 38. Abundance of different volatile lipid oxidatiarompoundsn the washed
Asian seabass mince added with haemoglobin ar{tiSBH+Hb+o0il”) and
those treated with 0.1% EKWE (“SB+Hb+0il+0.1% EKWHEifter 10

days of iced storage.
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7.5 Conclusion

Haemoglobin was proven to be an effective pro-axidin washed

Asian seabass mince contributing to the developrogfshy odour, regardless of oil
content. When EKWE, especially at a level of 0.:®s incorporated in washed
mince containing haemoglobin and menhaden oil,pitogression of lipid oxidation
was retarded as indicated by the lower TBARS foionatas well as lower
development of fishy odour. Additionally, the pretige effect of EKWE at a level of
0.1% on lipid oxidation and fishy odour developmesas also reflected by the lower
abundance of volatile lipid oxidation products fean Thus, EKWE could be a
promising natural antioxidant used to prevent tipgd | oxidation and fishy odour
development in the fish muscle.



CHAPTER 8

EFFECT OF TANNIC ACID AND KIAM WOOD EXTRACT ON LIPI D
OXIDATION AND TEXTURAL PROPERTIES OF FISH
EMULSION SAUSAGES DURING
REFRIGERATED STORAGE

8.1 Abstract

Effect of tannic acid (0.02 and 0.04%) and ethankitam wood extract
(EKWE) (0.04 and 0.08%) on lipid oxidation and texl properties of emulsion
sausages from stripped catfish during 20 daysfafjezated storage was investigated.
Control samples (C) had the highest peroxide vdRM) and thiobarbituric acid-
reactive substances (TBARS) value up to day 168antistorage, respectively. With
the addition of tannic acid and EKWE, PV and TBARSue in the sausages were
retarded effectively, compared to the control (P8). especially when the tannic acid
and EKWE at higher level were used. At the samelleeKWE showed the lower
ability in retarding the lipid oxidation, in comgsmn with tannic acid. Tannic acid at
both levels (0.02 and 0.04%) was also effectiveetarding the formation of fishy
odour in the samples throughout the storage, cosdpto the control and EKWE
treated samples (P<0.05). Both tannic acid and EKNa& no detrimental effect on
the sensory attributes of sausages. However, EK\&&Eed sample had lower and
highera* and4E* values, compared to the control samples (P<OAfr 20 days of
storage, the sample added with 0.04% tannic addigher hardness, gumminess and
chewiness, compared with others (P<0.05). Sampldedawith 0.04% tannic acid
also displayed more compact structure with no i8siwids. Furthermore, oil droplets
with smaller size were dispersed more uniformlympared to others. Thus, tannic
acid (0.02 and 0.04%) and EKWE (0.08%) were efiectn retarding lipid oxidation
and fishy odour development as well as could mairttze textural properties of fish

emulsion sausages during the refrigerated storbge days.

189



190

8.2 Introduction

Emulsion sausages, such as frankfurter, are widehsumed in both

Western and Asian countries. A product is typicafigde of beef, pork, or chicken
and contains the fat by 25-30%. Fish mince andrsurave recently been used as a
raw material for emulsion sausage production, @adrly in Asian countries (Konno,
2005). Marine fish are generally a rich source eé8 polyunsaturated fatty acids
(PUFA) containing approximately 14-30% of totaltyatcids, whereas PUFA in
freshwater fish was only 1-11% of total fatty ac{@ahmanet al., 1995; Steffens,
1997). Biological importance of n-3 PUFA, partialjaeicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), on brain and retenalopment, has been realized
(Simopoulos, 1997). An increase in consumption -8 RUFA has been reported to
reduce the risk of coronary heart disease, decreakk hypertension and prevent
certain cardiac arrhythmias (Gaeg al., 2006). Fish oil is actually the main dietary
source of n-3 PUFA. The World Health Organizatid®HO Study Group, 2003)
recommends regular fish consumption to provide @gprately 200-500 mg per

week of EPA and DHA and replacement of saturatedyfanonounsaturated.

Fortification of marine fish oil rich in n-3 PUF# the fresh water fish
sausage could be an alternative means to impreviatitquality and to increase n-3
PUFA consumption. However, marine fish oil is sysii®e to lipid oxidation, thereby
negatively affecting flavour, odour, colour, texduiand the nutritional value of fish
products (Frankel, 1998a). To retard such a quédgg, synthetic antioxidants have
been used to decrease lipid oxidation during tleegssing and storage of fish and fish
products (Boydet al., 1993). However, the use of synthetic antioxiddms raised
qguestions regarding safety and toxicity (Chaastgal., 1977). The use of natural
antioxidants is emerging as an effective meansc@mtrolling lipid oxidation and
limiting its deleterious consequences. Recentlygédad and Benjakul (2010 a, b, c)
reported that tannic acid exhibited the superidica scavenging activities as well as
reducing power and effectively inhibited the limgidation in fish mince, fish oil-in-
water emulsion, fish slices and ground beef. Hadolog mediated lipid oxidation in
washed Asain seabass mince was also impeded byparation of tannic acid

(Magsood and Benjakul, 2011). Tannic acid is afonged as Generally Recognised
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As Safe (GRAS) by the Food and Drug Administratib®A) at a level of 10 - 400
ppm for the use as an ingredient in some food potsdncluding meat products (US
Code of Federal Regulation, 2006; Ch@@l.,1993).

Tannic acid or tannins are polyphenolic compourasnmonly
occurring in the barks, woods and fruits of manydsi of plants (Yazaki and Collins,
1994). Kiam Cotylelobium lanceotatum crgiltrees are very common in the southern
part of Thailand. Pieces of wood from the kiam tnege been traditionally submerged
in sugar palm sap to prevent or retard microbiam@ntation (Chanthachum and
Beuchat, 1997). Balange and Benjakul (2009) reddtiat tannic acid (456.3 mg/kg)
was found as the major component of the kiam wothet. Therefore, the objective
of the present study was to evaluate the effetamiic acid and ethanolic kiam wood
extract (EKWE) on the lipid oxidation and textupbperties of emulsion sausages

prepared from the meat of striped catfish, a flsty, during refrigerated storage.

8.3. Materials and Methods
8.3.1 Chemicals

Menhaden oil, tannic acid, cumene hydroperoxidé asmium were
purchased from Sigma Chemical Co. (St. Louis, MGAY Sodium chloride, sodium
bicarbonate, potassium iodide, trichloroacetic aid glutaraldehyde were obtained
from Merck (Damstadt, Germany). Disodium hydrogemogphate, sodium
tripolyphosphate, soy protein isolate, 2-thiobanh@t acid, ammonium thiocyanate
and ferrous chloride were purchased from Fluka Gt&nCo. (Buchs, Switzerland).

All chemicals used were of analytical grade.

8.3.2 Preparation of kiam wood extract
8.3.2.1 Collection and preparation of kiam wood

The kiam wood was obtained from the forest ofRhattalung province
in the Southern Thailand. The tree was about 1%¢€20s old and harvested in May,
2010. The tree was cut by using a sawing machime;ldaves and branches were

separated manually by cutting and the trunk was kesun drying for 3 months. The
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trunk was chopped into smaller flakes of wood drehtdried in an oven at 70 °C for 8
h and cut into pieces with an average size of 11%xcnf, until the moisture content
reached 4-5% (wet weight basis). Those pieces grenend using a portable grinding
machine (Spong-90, Leeds, UK) with a sieve sizé ofm and was then subjected to
size reduction using a blender (National Model MRK@okyo, Japan) and finally
sieved using a stainless steel sieve of 80 mesgh(siith the diameter of 0.177 mm).
The obtained powder was placed in a polythene Isagled and kept at room

temperature until use.

8.3.2.2 Extraction of phenolic compounds from kiamvood

Kiam wood powder was subjected to extraction atiogr to the
method of Santoset al. (2004) with slight modifications. The powder (1D was
mixed with 150 mL of absolute ethanol. The mixturas stirred at room temperature
(28-30 °C) using a magnetic stirrer (IKA-Werke, \B&m, Germany) for 6 h. The
mixture was then centrifuged at 5000 x g for 10 atimoom temperature using a RC-
5B plus centrifuge (Beckman, JE-AVANTI, Fullerto@A, USA). The supernatant
was filtered using a Whatman filter paper No. 1 @Wman International, Ltd,
Maidstone, England). The filtrate was then evamatait 40 °C using an Eyela rotary
evaporator (Tokyo Rikakikai, Co. Ltd, Tokyo, Japah) remove the residual ethanol,
the extract was purged with nitrogen gas. The ektnas then dried using a freeze
dryer to obtain the dry extract. Dried extract wasvdered using a mortar and pestle
and was kept in an amber bottle and stored in aicdsr until use. The dried

powderised extract was referred to as “ethanolaomkivood extract; EKWE”.

8.3.2.3 Determination of total phenolic content it KWE

Quantification of total phenolic content in EKWEasv carried out
according to the method of Slinkard and Singletdb@7{). EKWE was dissolved in
25% ethanol (v/v) to obtain a concentration of 0.&%v). The solution (0.5 mL) was
added with 100 pL of Folin—Ciocalteu reagent (twtdf diluted with de-ionised
water) and mixed thoroughly. After 3 min, 1.5 mL 2% sodium carbonate solution
was added. The reaction mixture was mixed thorgughtl placed in the dark for 40
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min and the absorbance was read at 760 nm. THeptataolic content was calculated

from the standard curve of tannic acid (0-0.1 mg/arid expressed as mg tannic acid
/ g dry EKWE after blank substraction. Blank wagpared in the same manner,
except that distilled water was used instead aohF~@liocalteu reagent.

8.3.2.4 Determination of tannic acid in EKWE

Qualitative analysis of EKWE was performed using-#°LC equipped
with VWD detector following the method of Tiaet al. (2009) with slight
modifications. The HPLC system consisted of an &gil1100 series HPLC (Alginet,
Wilmington, DE, USA), quaternary pump with seal Wwagption, degasser, solvent,
cabinet and preparative autosampler with thermostptipped with a diode array
detector. The separation was performed on a col(kypersil ODS C18 4.0 - 250
mm, 5 Im, Cole-Parmer, Hanwell, London, UK). HPLG@nditions were as follows:
mobile phase: 0.4% Formic acid: Acetonitrile (89;1How rate: 0.8 mL/min;
temperature: 25 °C. The detection was carried o@&88 nm. The concentration of
extracts was 25 mg/mL and each injection volume 2@s.L. Standard tannic acid
was used for peak identification.

8.3.3 Preparation of fish emulsion sausages contang tannic acid and
EKWE

Striped catfish Fangasius hypophthalamusveighing 3-4 kg, off-
loaded 24 h after capture and stored in ice, warehyased from the fish market in Hat
Yai, Songkhla, Thailand. The fish were kept in idering transportation to the
Department of Food Technology, Prince of Songklavensity. Upon arrival, fish
were washed with tap water, filleted, deskinned mmted using a mincer with a hole
diameter of 5 mm. Moisture content of the mince adjusted to 86 %. Fish emulsion
sausages were prepared following the method desktriby Panpipat and
Yongsawatdigul (2008) with slight modifications skimince (85 g) was added with
sodium chloride (2 g), sodium tripolyphosphate (@)%nd soy protein isolate (1.5 g)
and menhaden oil (10 g). The mixture was ground3famin using a Panasonic Food
Processor (MK, 5087M, Selangor Darul Ehsan, Ma&gysi
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To study the effect of tannic acid or EKWE on dippxidation and
textural properties of emulsion sausages, tanrict aed EKWE with total phenolic
content of 602.6 mg tannic acid equivalent/g drywger and tannic acid content of
545.57 mg/g dry powder was added to obtain thegdased final concentration.
Tannic acid (0.02 and 0.04 % w/w) or EKWE (0.04 &n@8 % wi/w) dissolved in
distilled water were added to the mixture alonghwihenhaden oil (10% v/w).
Subsequently, the mixture was further ground thgihbufor 5 min in order to obtain a
homogenous paste. The paste was stuffed into epbelhe casing (diameter of 22
mm) and pre-incubated at 55 °C for 40 min priorctmking at 80 °C for 15 min
(Panpipat and Yongsawatdigul, 2008) in a tempegatoontrolled water bath
(Memmert, D-91126, Schwabach, Germany). The sanguded with tannic acid at a
level of 0.02 and 0.04 % were referred to as ‘TB20and ‘TA-0.04’ respectively and
those added with EKWE at a level of 0.04 and 0.08véte referred to as ‘EKWE-
0.04’ and ‘EKWE-0.08’, respectively. The controlngales (C) were prepared in the
similar manner but distilled water was added indtafatannic acid or EKWE. Samples
were cooled for about 30 min in iced water. Samplege cut into cylinders (30 mm
heightx20 mm diameter) and place in polythene begs$ further stored at 4 °C.
Samples were randomly taken at day 0, 4, 8, 13nb20 of storage for analysis of
lipid oxidation products. Sensory analysis was cateld at day 0, 12 and 20, while
samples were subjected to textural analysis aOdayd 20.

8.3.4 Analyses
8.3.4.1 Determination of peroxide value

Peroxide value (PV) was determined as per the adetti Richards
and Hultin (2002) with a slight modification. Sarepl(1 g) were mixed with 11 mL of
chloroform/methanol (2:1, v/v). The mixtures wentogenised at a speed of 13,500
rpm for 2 min. Homogenates were then filtered using/hatman No. 1 filter paper.
Two millilitres of 0.5 % NaCl were then added tonL of the filtrate. The mixtures
were vortexed at a moderate speed for 30 s usigytex-Genie2 mixer 4 (Bohemia,
NY, USA) and then centrifuged at 3,000 x g for 31110 separate the sample into two
phases. Two millilitres of cold chloroform/metharf@ll, v/v) were added to 3 mL of
the lower phase. Twenty-five microlitres of 30 %raonium thiocyanate and 25 pL of
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20 mM iron (Il) chloride were added to the mixtui@hantha and Deckef,994).
Reaction mixtures were allowed to stand for 20 mirnroom temperature and the
absorbance was read at 500 nm. A standard curve pngggared using cumene
hydroperoxide with the concentration range of Ofph.

8.3.4.2 Determination of thiobarbituric acid-reactve substances
(TBARS)

Thiobarbituric acid-reactive substances (TBARSYewvdetermined as

described by Buege and Aust (1978). Samples (Oweg¢ mixed with 2.5 mL of a
TBA solution containing 0.375 % thiobarbituric acitb % trichloroacetic acid and
0.25 N HCI. The mixtures were heated in a boiliregev for 10 min to develop a pink
colour, cooled with running tap water and then sat@d for 30 min using an Elma (S
30 H) sonicator (Kolpingstr, Singen, Germany). Thixture was then centrifuged at
5,000 x g at 25 °C for 10 min. The absorbance @ftipernatant was measured at 532
nm. A standard curve was prepared using 1,1,3r8retthoxypropane (MAD) at the
concentration ranging from 0 to 10 ppm and TBARSenexpressed as mg of MAD

equivalents/kg sample.

8.3.5 Sensory analysis

The sensory evaluation was performed by 30 urdgdhjpanelists, who
were the graduate students in Food Science anchdkgy programme with the age
of 25-33 years and were familiar with sausage cmpsion. The sausage samples
were placed in the polythene bags and were dippefia boiling water for 15 min
(Masniyomet al, 2002). Stick water was drained and samples wwed to cool to
room temperature (25—-28 °C) prior to evaluatiomefiats were asked to evaluate for
colour, taste, texture and overall acceptabilitysafisage samples using a 9-point
hedonic scale (Mailgaaet al., 1999): 1, dislike extremely; 2, dislike very mu@;
dislike moderately; 4, dislike slightly; 5, neitHée nor dislike; 6, like slightly; 7, like
moderately; 8, like very much; 9, like extremelyaniles were also evaluated for

fishy odour at day 0, 12 and 20 by 30 panelisthgis scale 0 to 10, where 0
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represented no fishy odour and 10 representedttbiegest fishy odour as described
by Magsood and Benjakul (2011b).

8.3.6 Colour determination

Colour of the sausage samples was measured asit@ourimeter
(Hunter Lab, Model colour Flex, Reston, VIRG, USaih the port size of 0.50 inch.
The determination of colour was done on six différgamples. Standardisation of the
instrument was done using a black and white Minolblbration plate. The values
were reported in the CIE colour profile systemlLasalue (lightness)a -value
(redness/greeness), andalue (yellowness/bluenessYotal difference in colour
(4E*) was calculated according to the following equatiGennadiogt al., 1996):

AE* = (AL¥) 2 + (Aa*)? + (Ab*)?

Where AL*, Aa*and Ab* are the differences between the correspondiniguco
parameter of the sample and that of white stanflard 93.63, a*= -0.92 and b*
=0.42).

8.3.7 Textural profile analysis (TPA)

TPA was performed using a TA-XT2i texture analy§gtable Micro
Systems, Surrey, England) with cylindrical alumingmobe (50 mm diameter). The
samples were cut into cylinders (30 mm heightx20 ciameter) and placed on the
instrument's base. The tests were performed with t@mpression cycles. TPA
textural parameters were measured at room temperatith the following testing
conditions: crosshead speed 5.0 mm/s, 50% strairface sensing force 99.0 g,
threshold 30.0 g, and time interval between the& ind the second compressions was
1 s. The Texture Expert version 1.0 software (®téliicro Systems, Surrey, England)
was used to collect and process the data. Hardrggss)giness, cohesiveness,
gumminess, chewiness and were calculated fromadtoe$time curves generated for

each sample (Bourne, 1978).

8.3.8 Scanning electron microscopy (SEM)

Microstructure of emulsion sausages was determingidg SEM.
Samples were cut into a cube (4 x 4 x 4 mm) usimgzar blade. The prepared
samples were fixed with 2.5% (v/v) glutaraldehyd®i2 M phosphate buffer (pH 7.2)
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at room temperature for 2 h. The samples were timsed for 1 h in distilled water

before being dehydrated in ethanol with serial eotr@tions of 50, 60, 70, 80, 90 and
100% (v/v) for 15 min at each concentration. Thhydieated samples were then fixed
in 1% osmium (v/v) for 2 h and then rinsed and dihted in the similar manner as
mentioned above. Dried samples were mounted oro@zbrstub and sputter-coated
with gold (Sputter coater SPI-Module, West Ched®y, USA). The specimens were
observed with a scanning electron microscope (JESM-5800 LV, Tokyo, Japan) at
an acceleration voltage of 10 kV.

8.3.8 Statistical analysis

All experiments were run in triplicate. Complgteandomized design
(CRD) was used for this study. The experimenta datre subjected to Analysis of
Variance (ANOVA) and the differences between meaase evaluated by Duncan’s
New Multiple Range Test. For pair comparisdntest was used (Steel and Torrie,
1980). Data analysis was performed using a SPSEagaqSPSS 14.0 for Windows,
SPSS Inc, Chicago, IL, USA).

8.4 Results and discussion

8.4.1 Effect of tannic acid and EKWE on lipid oxidaion in fish emulsion
sausages

Impact of tannic acid (0.02 and 0.04%) and EKWB40and 0.08%) on lipid
oxidation of fish emulsion sausages during 20 ddy®efrigerated storage is shown in
Figure 39. A sharp increase in PV was observedllisamples up to 4 days of
refrigerated storage (P < 0.05). The continuoussae in PV was observed up to day
8 for C and EKWE-0.04 samples (P<0.05). Howevergimanges in PV were found in
EKWE-0.08, TA-0.02 and TA-0.04 during 4 and 12 dé&ys0.05). After 12 days of
storage, samples treated with TA at both levels thadincrease in PV, while C and
EKWE-0.04 samples had the decrease in PV up toa®8 (P<0.05). The increase in
PV of samples added with tannic acid indicated thatsamples were in propagation
stage of lipid oxidation with the lower rate of degposition of hydroperoxide formed.
In general, control (C) and EKWE-0.04 samples digptl the highest PV up to day 12

of storage, compared with other samples (P<0.0&%3rdafter, the decrease in PV was
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found in those samples. The decrease in PV was likekt due to the decomposition
of hydroperoxide formed into the secondary oxidafwoducts (Bosellet al., 2005).
During the first 12 days, higher PV was found impées treated with EKWE in
comparison with those added with tannic acid atstrae level (0.04%) (P<0.05). The
results indicated that the EKWE was less effeciiveretarding the formation of
hydroperoxide, compared with tannic acid. Tannid abowed the radical scavenging
activity via hydrogen donating and reducing powdénereby terminating the
propagation (Magsood and Benjakul, 2010b). Recenthagqsood and Benjakul
(2011b) reported that tannic acid at a level of gpth was very effective in retarding
haemoglobin mediated lipid oxidation in washed Asseéabass mince during iced
storage. Magsood and Benjakul (2010b) also fourad tigher level (200 ppm) of
tannic acid was more effective than the lower I€i€l0 ppm) on the retardation of
lipid oxidation in striped catfish slices storedden modified atmosphere packaging
(MAP, 60%N, / 35%CQ / 5%0).

TBARS values of all samples increased sharpltougay 12 of storage,
followed by a slight decrease until the end of ager period (Fig. 39b). The decrease
in TBARS was probably due to their reaction witkeeramino acids, proteins and
peptides present in the sausages to form Schifise iDillard and Tappel, 1973).
Furthermore, volatile oxidation products with lowolecular weight could be lost
during extended storage. At day 0, TBARS valueallofample ranged from 2.7 to 4
mg MAD/kg of sample, indicating that the lipid o=iibn occurred during the
processing and cooking of the sausages. Controplsam(C) showed the higher
formation of TBARS throughout the storage of 20sgjayompared with other samples
(P<0.05), except EKWE-0.04 sample, which had tinalar value during the 12-20
days of storage (P>0.05). The results showed tKaVEE at a level of 0.04% was not
effective in retarding the lipid oxidation in fisfmulsion sausages. When tannic acid
(0.02 and 0.04%) and EKWE (0.08%) was added infigieemulsion sausages, the
formation of TBARS was retarded effectively. Amoaly samples, TA-0.04 samples
had the lower formation of TBARS, while EKWE-0.04nsples had the higher
formation of TBARS (P<0.05).
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Figure 39. Effect of tannic acid acid (0.02 and 0.04%) &IVE (0.04 and 0.08%)
on (a) peroxide value (PV) and (b) thiobarbiturdidareactive substance
(TBARS) of fish emulsion sausages during 20 daysradffigerated

storage. Bars represents the standard deviatid3).(&= control samples
without any treatment; TA-0.02: samples treated\Bi02% tannic acid;
TA-0.04: samples treated with 0.04% tannic acid\WEk0.04: samples
treated with 0.04% ethanolic kiam wood extract; EEW.08: samples

treated with 0.08% ethanolic kiam wood extract.
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Tannic acid especially at higher level (0.04%) whserefore very
effective in retarding the lipid oxidation. EKWE atlevel of 0.08% was effective in
retarding the formation of TBARS. Apart from actiag a radical scavenger, tannic
acid, especially at a level of 0.04%, could chelatn, which might be released during
cooking. Tannic acid has the ability to chelatenjrgarticularly in the free form
(Lopeset al.,1999). Tannic acid chelates iron due to its tdioglagroups and might
also be able to inhibit iron-mediated oxyradicalniation like other iron chelators,
such as desferrioxamine (DFO), 1,10-phenanthrobne pyridoxal isonicotinoyl
hydrazone (PIH) (Lopest al.,1999). Recently, tannic acid was demonstratedhoovs
the higher ferric reducing antioxidant power (FRARan other phenolic compounds
(catechin, ferulic acid and caffeic acid) (Mags@odl Benjakul, 2010a). Lopes al.
(1999) and Andradet al. (2006) also reported that tannic acid was abledoce Fe
(1N to Fe (). Thus, tannic acid (0.02 and 0.04&nd EKWE (0.08%) were effective
in retarding lipid oxidation in fish emulsion sagsaduring the extended refrigerated
storage.

8.4.3 Effect of tannic acid and EKWE on sensory mperties of fish
emulsion sausages

Colour, texture, taste and overall likeness ofshiesages added without
and with tannic acid (0.02 and 0.04%) and EKWE 40ahd 0.08%) at day O of
storage are shown in Table 6. There was no difeeran all attributes among all
samples (P>0.05), except for taste in which thepdesnadded with EKWE at both
levels received lower scores. Thus, the additiotanhic acid (0.02 and 0.04%) and
EKWE (0.04 and 0.08%) to the sausages had no ingracblour and texture of all
samples. The lower taste likeness scores of EKW@&4(&nd 0.08%) added sample
was probably due to the presence of some compadarttie extract, which caused the
off taste in the resulting sausages. However, divikaness of samples added with
tannic acid and EKWE were not different from thatontrol (P>0.05), indicating that
both tannic acid and EKWE did not affect the oVeaalceptability of the sausages.
Hayeset al. (2011) reported that overall texture, tendernass$ flavour in cooked
pork sausage during storage at 4 ° C were notfgigntly affected by the addition
of lutein, ellagic acid and sesamol. Therefore, nkanacid and EKWE can be
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incorporated into fish emulsion sausages withoutrigaany detrimental effect on the

organoleptic quality of products.

Table 6.Effect of tannic acid (0.02 and 0.04%) and EKWB4{0and 0.08%) on the
sensory properties of fish emulsion sausages af ddiyefrigerated storage

Likeness score

Samples Colour Taste Texture Overall

C 8.80+0.74 7.80+1.03 8.23+0.8% 8.31+0.24
TA-0.02 8.87+0.99 7.83+1.11% 8.13+1.1% 8.22+0.55
TA-0.04 8.63+0.83 7.83+0.95 8.46+1.32 8.31+0.3%
EKWE-0.04  8.60+0.99 7.19+1.4% 8.28+1.4% 8.0+0.84
EKWE-0.08 8.50+0.99 7.02+1.0% 8.45+0.61 8.02+0.41

Values are mean = SD (n=30). Different supersciiptie same column denote the
significant difference (P<0.05).

Changes in fishy odour in the emulsion sausageedadavithout and
with tannic acid (0.02 and 0.04%) or EKWE (0.04 @n@8%) during 20 days of
refrigerated storage are depicted in Figure 40hyFisdour intensity in all samples
increased continuously with increasing time of afier (P<0.05). For the C, EKWE-
0.04 and EKWE-0.08 samples, fishy odour scoressas®d abruptly within the first
12 days of storage. Nevertheless, TA-0.02 and T4-Osamples showed slight
increase in fishy odour scores during the firsidag®s of storage (P<0.05). At the end
of storage, TA-0.04 sample received the lowestyfsthour scores, compared with the
others (P<0.05). The retarded development of fisdgur in the TA-0.04 sample
correlated well with the lower rate of lipid oxidat (Fig. 39 a and b). The off-odour
developed in the fish muscle due to lipid oxidatveas considered as fishy (et al.,
2008). Recently, Magsood and Benjakul (2011b) reothat tannic acid at a level of
400 ppm was very effective in retarding the develept of fishy odour associated
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with haemoglobin mediated lipid oxidation in wash&sian seabass mince during
iced storage. Tannic acid at a level of 200 ppm feaed to be effective in retarding
lipid oxidation and off-odour development in grousrad cooked fish§comberomorus
commersor)i stored at 4 °C (Ramanathan and Das, 1992). Mdgaod Benjakul
(2010 b & c) also reported that tannic acid at\ellef 200 ppm retarded the lipid
oxidation and development of off-odour in the stdpcatfish slice and ground beef
stored under modified atmospheric packaging durgfiggerated storage. At the same
level (0.04%), tannic acid exhibited the higherligbin preventing the development
of fishy odour in fish emulsion sausages than EK\Efficacy in retardation of fishy

odour by both tannic acid and EKWE was achievedbise dependent manner.

——C —=—TA-0.02 —8— TA-0.04 =——pr— EKWE-0.04 - =X- = EKWE-0.08
10

Fishy odour score
OO B N W b~ OO N 00 ©

Storage time (days)

Figure 40. Effect of tannic acid acid (0.02 and 0.04%) andV&K (0.04 and 0.08%)
on fishy odour intensity of fish emulsion sausagesing 20 days of
refrigerated storage. Fishy odour score: 0: noyfistiour and 10: intense
fishy odour. Bars represents the standard devidtief8). Key: see Figure

39 caption.
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8.4.4 Effect of tannic acid and EKWE on colour ofish emulsion sausage

Colour expressed dg, a*, b* and AE* of sausages added without and
with tannic acid (0.02 and 0.04%) or EKWE (0.04 &n@8%) at day 0O of refrigerated
storage is shown ifable 7. After addition of tannic acid at both Isyehere was no
change inL* (lightness),a* (redness) and* (yellowness) values of the sausages,
compared to the control (P<0.05). However, there am increase inE* values in
those samples (P<0.05). Balarggeal. (2009) reported the lower whiteness in surimi
gels from big eye snapper with the addition of @63@&nnic acid, compared with the
control gel P < 0.05). The results correlated well with the sengwoperty, in which
panelists did not detect any difference in the eoloetween the control and TA-0.02
and TA-0.04 samples (P>0.05). However, the additbeEKWE (0.04 and 0.08%)
resulted in the decrease in the lightndsy and an increase in the redneas) (and
AE* values (P<0.05). Nevertheless, no change in yaliss *) of the sausage was
observed (P>0.05AE* values of the EKWE treated samples were highan tthose
of tannic acid treated samples (P<0.05). EKWE wa&eat in colour, in comparison
with tannic acid, probably due to the presence abuwr compounds like lignin
(Balange et al., 2009). The addition of ellagic acid (308/g meat) reduced
(P < 0.001)L" value and increaseal value of raw pork sausages stored in MAP (80%
O2: 20% CQ) over 21 days of storage at 4 (idayeset al.,2011). Moreover, Hayes
et al. (2010a) and Hayest al. (2010b) reported that the addition of lutein, mnaltu
active compoundst concentrations of 100 and 2@§'g sample increased value of
minced beef and raw pork patties. Valeratial. (2008) also reported that the addition
of green tea catechins (GTC) and green coffee xdtaat (GCA) at a level of
200 mg/kg in fresh pork sausage caused the inciedsevalue P < 0.05), compared
to the control. Therefore, the use of tannic a@da 0.04% had no impact on colour
of resulting sausages, while EKWE addition (0.04 Gr08%) showed the detrimental

effect on colour to some degree.
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Table 7. Effect of tannic acid (0.02 and 0.04%) and EKWB4{0and 0.08%) on the

L*, a*, b* and 4E* values of fish emulsion sausages at day 0 of

refrigerated storage.

Samples L* a* b* AE*

C 77.69+0.06  4.54+0.0} 21.83+0.04 27.25
TA-0.02 76.32+0.07  4.61+0.08  21.85+0.02 30.03
TA-0.04 76.3520.09  4.74+0.08" 20.69+0.03 29.23
EKWE-0.04 73.61+0.04  4.87+0.0f 21.81+0.01 31.9%
EKWE-0.08 73.34+0.07  4.96+0.08 22.43+0.08 32.5¢

Values are mean + SD (n=30). Different supersciipthe same column
denote the significant difference (P<0.05).

8.4.5 Effect of tannic acid and EKWE on textural poperties of fish
emulsion sausage

Texture profile analysis of the emulsion sausamdded without and
with tannic acid (0.02 and 0.04%) or EKWE (0.04 &h@8%) at day 0 and 20 of
refrigerated storage is shown Trable 8. At day 0, there was no difference in all
textural parameters among all samples tested (ByOHardness, gumminess and
chewiness values of all samples decreased aftetag® of storage (P<0.05), while
there was no change in springiness and cohesiveaésss for all samples (P>0.05).
After 20 days, hardness, gumminess and chewineal sdusages samples decreased
at different degrees depending upon the treatn{st8.05). The results indicated that
softening of texture occurred after 20 days ofajer which was probably due to the
proteolytic action promoted by muscle endopeptigagealpains | and Il and
cathepsins B, D, H and L) (Toldra, 2006) and mi@blibacteria and yeasts)
proteinases (Visser, 1993). However, at the endtafage period (day 20), samples
added with tannic acid and EKWE showed the higladwes on all textural parameters

except springiness and cohesiveness, compared tmttirol (P<0.05).
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Table 8. Effect of tannic acid (0.02 and 0.04%) and EKWE){0and 0.08%) on

texture properties of fish emulsion sausages al@ayf refrigerated storage.

ﬁrtr?erage Samples Hardness (N)  Springiness Cohesiveness Gumminess Chewiness

(days) (cm) (ratio) (N) (N cm)

° C 37.8320.17  0.88x0.1%%  0.55+0.24* 20.78+0.64*  18.49+0.74%
TA-0.02 36.82+0.34°  0.89+0.12%°  0.5420.54* 20.84+0.74*  19.31+0.5%°
TA-0.04 38.19+0.27%  0.91+0.23°  0.57#0.36* 21.96x0.85*  20.02+0.6%°
EKWE-0.04 37.33:x0.26*  0.91+0.6%°  0.54+0.16%° 18.15+0.46° 19.55+0.36%
EKWE-0.08 38.7720.24*  0.90+0.34*  0.54#0.25* 21.04#0.2%#*  19.060.74°

20
C 28.32+0.68°  0.83x0.1%%  0.40x0.24*  11.58+0.4%% 12.69+0.74
TA-0.02 31.22+0.48°  0.81+0.12°  0.48+0.54* 14.45+0.28™ 14.34+0.58*
TA-0.04 34.21+0.2%*  0.88+0.23*  0.53+0.36® 18.9420.85* 17.62+0.4%*
EKWE-0.04 29.65+0.65°°  0.83+0.6f°  0.48+0.16% 13.54+0.54° 14.02+0.66°
EKWE-0.08  31.02+0.25%  0.87+0.34°  0.51+0.2%* 14.64+0.98" 14.36+0.558"

Values are mean = SD (n=6). Different superscnpthin the same storage time in
the same column denote the significant differenBe0(05). Different capital
superscripts within the same sample in the samanuoldenotes the significant
difference (P<0.05).

This might be due to the antioxidative and antrotial activity of
both tannic acid and EKWE in the sausage samplemglstorage. Tannic acid
showed antimicrobial activity by lowering total sla count as well as psychrophilic
bacterial count in striped catfish slices durindrigerated storage under MAP
(60%N,/35%CQ/5%0,) 2010b).

of muscle membrane against lipid oxidation by ajgyantioxidants could also

(Magsood and Benjakul, The protection
maintain membrane integrity of muscle fibres amtlio® moisture loss, which in turn
had an effect on the sausage textural propertiesiMotoet al.,1995). It was also
reported that increased oxidation with the incregstorage time caused degradation
of the protein film surrounding fat globules in tBmulsion system (Chaiyast al.,
2005). The retarded lipid oxidation in the sampdded with tannic acid or EKWE
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might prevent the negative effect caused by oxadagproducts to some degree.
Radicals generated from lipid oxidation could ingltice oxidation of protein (Shacter,
2000). Lipid and protein oxidation are closely asat@ed with deteriorative processes
occurring in meat products (Merciet al., 2004). Protein oxidation can negatively
affect the sensory quality of fresh meat and meatyrcts in terms of texture,
tenderness and colour (Rowet al., 2004). Results suggested that tannic acid and
EKWE could retard the softening of fish emulsiousasges stored for an extended

time.

8.4.6 Effect of tannic acid and EKWE on microstructire of fish emulsion
sausages

Microstructures of the emulsion sausage sampleedavithout and
with tannic acid (0.02 and 0.04%) or EKWE (0.04 ad®8%) at day 20 of
refrigerated storage are illustrated in Figure Bihulsion sausages containing tannic
acid had the compact structure with less voids. ddmgrol and EKWE treated samples
had the loosened structure with larger voids tim@ntannic acid added samples. After
20 days of storage, TA-0.04 sample had the higlhestiness, gumminess and
chewiness. This was reflected by more compacttstreof the sample. Tannic acid at
higher level might be involved in decreasing thewgh of microorganism, which
more likely degraded the protein matrix. Also, tanracid played a role as
antioxidants, in which radicals or oxidation proticapable of destruction of matrix
previously formed, could be lowered.
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c) TA-0.04 . ) d) EKE-0.04

e) EKWE-0.08

Figure 41. Effect of tannic acid acid (0.02 and 0.04%) and/&#K (0.04 and 0.08%)
on microstructure of fish emulsion sausages afted&ys of refrigerated
storage. Magnification: 700 x. Key: See Figure &ptions. od: oll
droplet; v: void.
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For the distribution of oil droplets and formatioh emulsion in the
sausages, it was noticed that TA-0.04 sample awedai continuously and
homogenously dispersed oil droplets, which werelleman size, compared to others
(Fig. 41c). The compact matrix generally confeigre@ater consistency to the product
and promotes hardness of the product (Caagtras, 2008). Tannic acid at a level of
0.04% might prevent the coalescence of emulsiooutiir its protective role in
retardation of the oxidative damage to the proteimch act as an emulsifier. Proteins
have emulsifying properties, yielding the stableatremulsion. The oxidative damage
of proteins has an impact on protein solubilityagdmg to aggregation and complex
formation due to cross links, thus impairing themulsifying property (Kareét al.,
1975). Phytochemicals such as lutein, ellagic aoid olive leaf extract might have
increased the emulsion stability in the cooked pgalkisage through their protective
role on proteins against oxidation (Haystsal., 2011). Thus, tannic acid at level of
0.04% was effective in maintaining the textural gedies of the fish emulsion

sausages stored at refrigerated temperature fdags)

8.5 Conclusion

Tannic acid (0.02 and 0.04%) and EKWE (0.08%) weffective in
retarding the lipid oxidation as indicated by IoWdARS formation as well as lower
development of fishy odour. EKWE at a level of @®4wvas not effective in
preventing the lipid oxidation in the fish emulsisausages. Addition of tannic acid at
both levels (0.02 and 0.04%) in the fish emulsianssage had no detrimental effect on
the sensory properties. Samples treated with EK@/&4(and 0.08%) were higher in
a* values, however, panelist could not detect affgrénce in the colour of sausages
treated with EKWE, compared to the control. Addiadly, tannic acid at a level of
0.04% could maintain the textural properties to highest extent after storage for 20
days at 4° C. Thus, tannic acid, especially athilgber level (0.04%) can be used as
an effective natural antioxidant in the fish emutssausages, while EKWE at 0.08%

could be an alternative but showed the lower affeness.



CHAPTER 9

SUMMARY ANDWBTURE WORKS

9.1 Summary

1. Selection of suitable phenolic compound as d@imadant is of great
importance to maximise the prevention of lipid atidn in different food model
systems. Antioxidative activity of phenolic compadsnvaried with the types and
molecular structure. Tannic acid exhibited the bigantioxidative activity and could
prevent lipid oxidation effectively in menhaden-imiwater emulsion as well as in fish
mince. This was most likely caused by its radicalvenging activity, LOX inhibitory
activity as well as metal chelating activity, espflg towards non-haem iron.

2. Shelf-life of refrigerated striped catfish sléc could be extended
effectively by using tannic acid (200 mg/kg) in damation with MAP (60%N /
35%CQ / 5%0), which could retard the lipid oxidation and miral growth during
the extended storage. Thus, tannic acid acted gigtieally with MAP to maintain the
quality of refrigerated striped catfish slices.

3. Blood retained in fish could induce the lipigidation, fishy odour
development as well as the growth of microorganismng iced storage. Oxidation of
lipid mediated by haem along with microbial growtlas the main cause of the
development of fishy odour in the Asian seabasgslduring iced storage.

4. Haemoglobins in the blood could be involvedipnd oxidation and
fishy odour development of fish muscle during théeaded postmortem storage.
Those changes were species specific, mainly gosidmehe pro-oxidative activity of
haemoglobins. Tannic acid displayed the efficacprevention of lipid oxidation and
retarded development of fishy odour in fish muscldose-dependent manner.

5. Ethanolic kiam wood extract (EKWE) could sea® the natural
antioxidant in fish muscle containing haemoglobml @il. EKWE was able to retard
the lipid oxidation and fishy odour in the fish dsian sausages. However, its
efficacy was lower than tannic acid. Thus, EKWE |ldobe an alternative natural

antioxidant in different fish and fish products astler muscle foods.
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9.2 Future works
1. Different phenolic compounds from differentusmes should be
tested for their antioxidative activities in diféent fish and fish products.
2. Prevention of fishy odour development in fisding the combined
methods should be investigated.
3. Role of other haem proteins in lipid oxidatiand fishy odour

development in fish muscle should be elucidated.
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